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PREFACE TO THE NINTH EDITION.

IN this, as in former editions of this work, it is aimed, first, to give
to students and practitioners of medicine the knowledge necessary for
the making of autopsies, the preservation of tissues and their prepara-
tion for microscopic examination; second, to consider the characters
of the general processes which underlie the various manifestations of dis-
ease; third, to set forth the nature of infection and immunity, and to de-
scribe concisely, with such illustrations as seem neccessary, the lesions of
the acute infectious diseases and, so far as they are known, the micro-
organisms inciting them, the various phases of degeneration and inflam-
mation, the characters of tumors, and the lesions of the general diseases,
of poisoning, and of violent deaths; and, finally, to describe briefly the
special lesions of different tissues and organs of the body.

In this edition, the section devoted to general pathology has been re-
written and expanded, and. various phases of pathological physiology have
received more attention than formerly. Also, in this, still more than in
the last editions, stress has been laid upon the relationships of pathology
to the allied phases of biological science, and, where it might be done
without hazard to the more urgent practical aims of the work, disease
has been considered as an adaptive process, and pathology viewed as one
aspect of the diverse manifestations of life and energy, rather than
as belonging to a special and exclusively human domain.

Dr. Delafield no longer shares in the preparation of the work: so
that the writer, deprived of the wise counsel and large experience of
the senior author, is alone responsible for such alterations and additions
as have been made in this as in the last three revisions.

The great and rapid accumulation of data in the wide field which
this book covers has made necessary the exclusion in large measure
of those phases of clinical diagnosis and practical bacteriology which are
now more adequately covered in special and in larger treatises. The
limitations of the book have made it necessary also to omit the con-
sideration of many suggestive facts and recent alluring speculations
bearing upon various aspects of pathological physiology, the significance
and value of which are not yet adequately determined.

The book has been largely revised. A few of the older illustrations
have been discarded, while over forty new ones have been added.

The references in foot-notes have been revised and considerably
increased, the intention in these has been in part to indicate special
studies or reviews relating to the theme under consideration; but more
particularly to point out here and there publications in which a fuller
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bibliography may be found than is consistent with the scope and limi-
tations of this work.

The chapter on the Blood and the Blood-forming Organs and the
chapter on Tumors have been rewritten, and the scction on Malaria
revised, by Professor Francis Carter Wood. My obligation to Professor
Wood is very great, not only for the revisions of the text indicated,
but for many helpful suggestions embodied throughout the work and
for counsel and aid without which the preparation of this edition
would have been impracticable.

For assistance in the preparation of material brought forward from
the last edition I wish to express my continuing indebtedness to Drs.
F. R. Bailey, Edward Leaming, and W. C. Clarke, and to Professors
F. . Wood, Philip Hanson Hiss, John H. Larkin, and Augustus B.
Wadsworth.

To Professors Hiss, Wadsworth, Zinnser, and Wright, and to Drs.
Flexner, Noguchi, and Terry I am indebted for the privilege of repro-
ducing photographs and for many helpful suggestions.

I wish, finally, to record my appreciation of the skilful service and
invaluable cooperation of Miss. S. M. Wood in the final preparation for
the press of the material for this edition, in correcting the proof, and in
indexing the work.

T. MITCHELL PRUDDEN
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PART L

GENERAL PATHOLOGY.






INTRODUCTION.

THE successful pursuit of pathology—the science which treats of
disease—depends largely upon the clearness and accuracy of the student’s
knowledge of normal anatomy and normal physiology. The possession
of such knowledge by the reader is necessarily assumed in this epitomized
presentation of a large and rapidly extending field of observation and
research.

The Nature of the Living Body.—Leaving aside as not indispensable,
and at present not attainable, an accurate definition of life, it is impor-
tant constantly to realize that the normal living body is a complex
and delicate mechanism incapable of creating new forces, but able, by
means of its cellular and molecular organization, to accumulate or store
energy derived from without, releasing this under fixed and definite
conditions. This storing of energy is possible by means of the capacity of
living body-cells to build up complex molecular combinations. These,
owing to their instability, may be readily resolved into less complex and
more stable combinations with the release of the stored-up energy.
This it is which makes possible all expression of life.

The Chemistry of Life.—The complex molecular combinations through
which energy is stored and released by cells during the processes of life
are especially characterized by their content of carbon, nitrogen, hydrogen,
oxygen, and sulphur. Iron and phosphorus are found in some of them
while numerous other elementary substances often share in their composi-
tion. Such molecular combinations are called proteins. There is reason
to believe that the proteid molecule is of great size and complexity, that
during life it is capable of entering upon an exceedingly great variety of
combinations and readjustments of itsstructure conditioned upon heredity
and environment.

While the chemist in his researches deals largely with dead protein, it
has been found convenient by certain writers to embody a conception
of the living proteid molecule in the terms btophore or btogen.

It is inevitable that the proteins and their performances while sharing
in the processes of life, and the various influences which determine these
performances, should fix the storm centre of research into the nature of
life and offer the highest promise of light upon the ultimate and funda-
mental problems of biology. But we must be patient and not too eager
to carry the formule and the working hypotheses of the chemists, with-
out due reserve, over into the domain of living things, whose story and
performances, and limitations we are only just beginning to spell out.

The details of the chemistry of the life processes, so far as they are
known, and their relationship to protein substances and protein metab-

3
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olism in general, to ferments and to enzymes, and a consideration of the
successes, the hopes, and the dreams of the chemists within this borderland
of living matter, belong in those studies in physiological chemistry and
chemical physiology which naturally precede the consideration of the
problems of pathology, and should be sought in special treatises.

The Characters of Disease.—Many of the earlier views concerning life
and death and health and disease, which have long since given way to
more accurate conceptions, still hold a certain sway among the thought-
less, perpetuated by traditional forms of speech. One of these is that
disease is an entity, something foreign to the body which may enter from
without, and with which the body may struggle and fight, which it may
conquer or to whose ravages it may succumb. It will be wise for the
student constantly to remember that disease is not a thing, but a process.
It is an abnormal performance of certain of the functions of the body.
This may or may not be associated with appreciable morphological altera-
tions of the body structure. It is those agencies and conditions to which
the body has not adapted itself, which, swaying its normal capacities now
one way and now another, induce the functional aberrations and struc-
tural alterations by which disease is manifested.

It follows from this that the functional abnormalities and the struc-
tural alterations which make up the signs, symptoms, and lesions of dis-
ease involve the expression of no new functional capacities which the
normal body does not possess. These may be diminished or exalted;
they may be perverted or abolished; or the cells may now and then re-
vert to forms and to phases of activity which the body has long since
outgrown or largely suppressed in its slow adaptation to conditions of
life which now constitute the normal. But the body in disease manifests
no new functions, develops no new forms of energy, reveals no new
capacities.

The Significance of Cells in Pathology.—If pathology is to be for the
student or the practitioner anything but a mass of more or less useful facts
he must learn to correlate its data with the facts and laws of normal
morphology and normal physiology. While he should be conscious
always, on the one hand, of the invisible molecular changes which under
lie the manifestations of energy, and, on the other, will not ignore the
details of gross morphology, his attention will be most constantly drawn
to the cells as the life units upon which ultimately both the form and
function of living things depend. He will realize that as the cells of the
normal body are what they are in form and in function because of the
conditions under which they have been slowly evolved, and are at the
moment placed; so when the conditions change and become abnormal,
it is to the cells that he must look for an understanding of the aber-
rations and disturbances by which we recognize disease.

In normal physiology attention is most keenly centred to-day upon
the structure and performances of cells as the field richest in the promise
of significant revelations. So, also, in pathology by similar methods
and with equal persistence must the structure and performances of cells
under abnormal conditions be studied if we are to hope with reason for
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a clearer comprehension of disease. This has long been recognized, and
to the conception of the pathological processes as essentially cellular
processes are due the great advances which this phase of biological science
has made during the past few decades. But the newer knowledge of the
cell, not as a membranous bag nor as a mere lump of protoplasm, but as
a complex machine whose various structural features are of the utmost
significance, has greatly widened the field of cellular pathology.

Manifestations of heredity which are displayed in the body as a
whole have long been known. To-day we may and must take account
of the marks of heredity in individual cell life. Not a few of what we
call the aberrances of cells in disease are but the expression of cell traits
and capacities latent in the environment which has become the usual and
therefore the normal, but finding expression as the sway of the body-
organism is released under disturbances of its equilibrium. Thus cells
thrown out of function may in a measure revert in character to less dif-
ferentiated types, and cells long comparatively quiescent may, under
varying stimuli, assume capacities and forms which-they seemed to have
outgrown.

Of course, in the pursuit of pathological morphology it is the dead
body and dead tissues with which we are most often cngaged. But these
are of special interest only as they reveal structures or indicate processes
which were maintained during life. So that he who can most closely
correlate the knowledge of the living cells with his observations upon
thosc which are dead will gain most from his morphological studies.

The Interrelationship of Cells and of Organs.—While the pathology of
to-day is essentially a cellular pathology, while it is illuminating and con-
venient to consider the cells as physiological and structural units, main-
taining a certain independence of existence and function, it is neverthe-
less true that beyond their mere juxtaposition in the body, beyond a close
mutual dependence upon the common blood supply and nerve control,
there is a subtle and as yet little understood transmission of physiological
impulses from cell to cell. Whether this is often by protoplasmic con-
tinuity or usually in some other way, we do not know. But it should not
Le left out of the account in some of the more complex and subtle prob-
lems which, in health as in disease, the life of the cell and the life of the
body present. .

The interrelationship of organs, and the innervation and circulation
which they share in common, have most important bearings upon both
the morphology and physiology of disease. This relationship will be
considered briefly in the later chapters of this book, but should receive
especial attention in the study of clinical pathology.

The Excitants of Disease.—When we study the so-called causes of
disease, we should remember always that, underlying the manifestations
of disease, as well as sustaining the correlated processes which we name
health, are the complex and ceaseless chemical transformations which in
both health and disease alike supply the energy which sustains all ex-
pression of life. So that what we are wont to call the causes, whether
external or internal, of disease are really not primary causes, but liber-
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ating impulses or excitants which sway and modify the orderly transfor-
mations of energy constituting health, with those manifestations of per-
turbed function or altered structure, or both, on which our conceptions of
disease are framed.

Phases and Classifications of Pathology.—Pathology, then, deals with
the disturbances of function and the alterations in structure in living
beings, induced by unusual agencies and conditions. The functional
disturbances thus induced are embraced as symptoms of disease in
pathological physiology, which so largely dominates the scientific activi-
ties of the physician and forms the basis for the practice of his art. The
phenomena of pathological physiology are in no sense opposed to those
of normal physiology, but are their inevitable correlatives when the
living body is placed under sufficiently abnormal conditions. Patho-
logical morphology is concerned with the structural alterations of the
organism which may result from abnormal conditions. Pathological
morphology deals with both the gross and the microscopic alterations of
structure, and hence embraces both pathological anatomy and pathological
histology.

But alterations in structure are so closely associated with disturbances
in function, and both are so constantly dependent upon the inciting fac-
tors in disease, that an intelligent study of morphology necessitates a
constant consideration of etiology and of certain phases of pathological
physiology.

It is customary and convenient in the study of pathology to consider
together the general or elementary abnormal processes and conditions
and the etiological factors in discase without reference to their special
manifestations in particular organs or parts of the body. This division
of the subject is called General Pathology. Special Pathology deals with
the forms and details of lesions in individual organs or parts of
the body.

Correlated Sciences.—The human body is so complex in its organiza-
tion that the student of pathology, like the student of normal morphology
and physiology, is under the constant necessity of seeking light through
the study of simpler organisms. In our extremely differentiated and
intimately co-ordinated cells, many features fundamentally simple are
veiled or modified; so that we can understand them only when we inter-
pret them in the light of less advanced forms.

Thus it is that in the lore of the zoologist and the botanist we may
find the key to obscure and important manifestations of aberrant cell
life. It is, in truth, through the pursuit of comparative pathology that
some of our greatest advances in the conceptions of disease have been
won, and in it lies the brightest promise for the future. In the light of
embryology many obscure pathological processes become plain and many
clews to fruitful research are secured.

Furthermore, so much depends upon the metabolism of the body in
health and disease that it is to chemistry, both in health and disease,
that the scientific physician looks most eagerly for the solution of prob-
lems which each day become more numerous and urgent.
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Finally, we are daily realizing more clearly that in those complex and
subtle processes which we are wont to call vital, such physical factors as
molecular constitution,surface tension, osmosis and diffusion, gravitation,
elasticity, and pressure are of the highest significance and in our studies
cannot be wisely ignored.




CHAPTER I
THE CONDITIONS OF DISEASE.

Adaptation in Health and Disease.—The human body, like other
living organisms, has acquired its present form and its varied functions
through gradual adaptation to its environment.

The maintenance of the normal life of the body involves a normal
mechanism and impulse to start with, and a constant and successful
adjustment to the conditions under which it is placed. While the
continuance of the state which we call health depends upon the approxi-
mate maintenance of the external conditions to which the body has
become adapted, it should be borne in mind that the adaptive capacity
of the body is in many ways so effective that it can maintain its normal
structure and functions in spite of unusual surroundings and adverse
influences. Thus, for example, the body can adapt itself, within the
limits of what we call health, to alterations, deficiencies, or excesses of
nutrient material; to varying extremes of heat or cold, moisture or dry-
ness; to electrical tension; to.animal and vegetable parasites; and to
various poisons, both those which come from without and those which
result from faulty metabolism. Beyond certain rather ill-defined limits,
however, the adaptive capacity cannot go, and discase results.

Disposition to Disease.—The adaptive capacity may vary greatly in
different individuals, depending upon age, sex, race, etc., so that adverse
conditions which one individual can sustain without marked functional
disturbance or structural damage may induce in another more or less
serious disease. There is thus disposition and relative immunity to dis-
ease. For example, children are in general much more disposed to cer-
tain diseases than are adults. This disposition to discase is not, however,
always fixed, but may give way to immunity under conditions which we
shall study especially in the acute infections.

Disposition to disease may be inherited and find expression through
obvious structural abnormalities or through subtle functional defects,
difficult or impossible to define or detect.

Classes of Disease Conditions.—The harmful conditions to which the
body may be subjected and which incite disease may be divided into two
classes, external and internal. 'We may thus speak of external and inter-
nal conditions of discase.

It does not fall within the scope of this book to enter upon a dis-
cussion of the many and varied conditions under which disease occurs,
nor to place in array the many and wearisome phases of classification
which have been more or less imposing or useful in the carlier days of

8
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pathology and medical practice. We shall consider here only some of
the more general conditions of disease, referring for a study of the de-
tails of the specific excitants to later chapters.

External Conditions of Disease.

Disturbances of Nutrition.—The body may suffer through excessive
or deficient nourishment. Too much food may in certain, though not
in all, persons lead to an abnormal accumulation of fat. Too much food
or unsuitable food may lead to disorders of the digestive apparatus
or it may lead to the production within the body of metabolic sub-
stances which seriously damage important organs. There is much
reason for believing that through such faulty metabolism forms of
auto-intoxication may arise which damage the parenchyma of the
liver and kidney, for example, so that structural as well as functional
disorders arise.

On the other hand, through insufficient nutriment the fat may
disappear, the voluntary muscle substance diminish, and the blood
deteriorate. Inanition may, however, occur in persons whose food
supply is both abundant and suitable; for example, in structural or
functional disorders of the digestive organs, in the insane, etc. Nutri-
tion may suffer also in the absence of a sufficient amount of water or
proteids or inorganic salts in the food.

Air Supply.—Through the function of respiration a supply of oxygen is
furnished to the blood in the recesses of the lungs, and excretory prod-
ucts are carried off. The failure of this function may be due to a lack
of air bearing the oxygen or some interference with the respiratory
channels or mechanism. The failure of oxygen to reach the lungs in
proper condition and quantity is followed by forcible respiratory efforts
which mark dyspnea. A fatal suppression of respiration by the ex-
clusion of air is called suffocation or strangulation. Asphyzia is a con-
dition in which respiration is suspended, but the heart continues to beat.
This condition is of frequent occurrence in the new-born, and is associ-
ated with many forms of disease of the respiratory organs. For a more
detailed consideration of asphyxia, suffocation, and strangulation see
p. 442.

Occupation.—Many diseases are closely dependent in origin upon
unsanitary conditions associated with occupation. The dusty air
prevalent in many stores, factories, theatres, court-rooms, prisons,
schools, etc., may damage the lungs directly and render them more
vulnerable in the presence of pathogenic micro-organisms. The high
temperature and foul air common in many places of work or assembly
may be serious predisponents to disease. Finally, the abuse of alco-
holic drinks and tobacco may be cited among many common excesses
as agencies through which the conditions of disease are fulfilled.

Damage from Excessive or Deficient Heat.—Through the heat-regu-

1 Consult for a résumé of nutrition in health and disease, Lusk, ‘‘ Elements of the Science of Nutri-
tion,"” 1906.
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lating mechanism of the body a remarkable adaptation to moderate
elevations of temperature is possible. But the maintenance of life is
incompatible with very high temperatures.

Local exposure to both extreme heat and extreme cold induces necro-
sis and various phases of inflammation of the tissues.

Death may be caused by the inspiration of smoke and flame; by the
drinking of hot fluids; by the direct contact of flame or hot substances
with the external surface of the body. It may be due to the direct effect
of the agents, to secondary affections of the viscera, or to the exhaustion
produced by long-continued inflammation and suppuration. Sudden
death may occur after extensive burnings of the skin.’

The burned skin divested of epidermis may present a peculiarred, hard, parchment-
like appearance. If the patient have lived for some time, suppuration of the injured
surface may ensue. Or there are small, bladder-like elevations of the epidermis. The
base of these blisters is red, and they are surrounded by a red zone, or suppuration
may have commenced. These appearances cannot be produced by heat applied to
the skin after death.

After death from severe burns there is apt to be congestion of the brain and the
thoracic and abdominal viscera. The lymph-nodes and the lymphatic tissues through-
out the body may be swollen and the seat of endothelial cell proliferation and necrosis.
There is usually albuminous degeneration of the liver and kidneys; the spleen is
swollen, and the seat of focal necrosis. Focal necrosis in the bone marrow has been
noted. There may be capillary thromboses, interstitial hemorrhages in the kidney,
and leucocytosis. These lesions indicate the presence of toxic substances in the body
fluids, and thus the general condition may be regarded as an instance of auto-intoxi-
cation.?

Secondary lesions are not infrequent after severe burns. There may be cedema of
the glottis, pseudo-membranous inflammation of the larynx and trachea, pneumonia,
ulceration of the duodenum, and pyzmia with infarctions in the lungs, liver, spleen,
and kidneys.

Excessive cold may lead to the extinction of life in the body as a
whole or in exposed parts, which cannot long resist freezing.

Electricity.—Lightning.—Persons who are struck by lightning may die
instantly, or may continue for several hours comatose or delirious, and
then either die or recover; or they may die after some time from the effects
of the burns and injurics received.

The post-mortem appearances are very variable. Sometimes there
are no marks of external violence or internal lesions. Sometimes the
clothes are burnt and torn, while the skin beneath them is unchanged.
Usually there are marks of contusion and laceration, or ecchymoses,
or lacerated, punctured wounds, or fractures of the bones, or super-
ficial or deep burns. The track of the electrie current may sometimes
be marked by dark red arborescent streaks on the skin. Fractures
are rare.

The internal viscera may be lacerated and disorganized from lightning.

Artifictal Electrical Currents.—In death from powerful artificial elec-
trical currents, either by accident, as in linemen and others, or in elec-

1 For a study of sudden death following severe burns, consult Silbermann, Virch. Arch., Bd. cix.,
p- 488, 1890, bib.

2 For a study of the visceral changes following extensive burns, consult Bardeen. Jour. Exp. Med.,
vol. ii., p. 501, 1897, bib. McCrae, Trans. Ass. Am. Phys., vol. xvi., 1901, p. 153; also, Locke, Boston
Med. and Surg. Jour., vol. exlvii., p. 480, 1902, bib.
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trical executions, there may be local burnings of varying degree where
the wires or electrodes come in contact with the skin. The clothes may
be pierced with holes at the point of exit of the current. Internally
there appear to be no marked or characteristic lesions, either gross or
microscopical, in this form of death. Van Gieson and others have ob-
served the occasional, but not constant, occurrence of small hemor-
rhages in the floor of the fourth ventricle, the significance of which is
doubtful. Other petechial spots have been observed beneath the
serous surfaces of the endocardium, pericardium, and pleura, and on the
spleen.’

Roentgen Rays and Radium.—Exposure of the skin to the z-rays
may lead to inflammation of the skin or to necrosis.?

Radium 'may induce similar changes.

Trauma.—The various forms of mechanical injury which the body
may suffer need not be considered here in detail. The significance to
life and health depends upon the extent of the injury and the part of
the body affected. Thus, a concussion of the brain, even without
obvious structural lesion, may be immediately fatal, while excessive
laceration or crushing of a limb or muscle may be readily recovered
from.

Foreign Bodies.—We shall see later how the presence of lifeless
foreign bodies, or of animal and vegetable parasites—bacteria, pro-
tozoa, etc.—may be harmful to the organism, and the adaptive measures
by which in favorable cases protection is secured.

Poisons.—Certain forms of poisons are to be reckoned among the
external agents harmful to the body. These will be considered in a
later section.

Increased Atmospheric Pressure (Caisson Disease).—An extreme in-
crease in atmospheric pressure, such as is often nowadays maintained
in tunnels, caissons, and other construction works, is sometimes the
occasion of death, especially when the pressure is relieved by a too sud-
den return to normal conditions, that is, in what is technically called
decompression. The danger seems to lie, apart from individual sus-
ceptibility, in the rapidity of the decompression.

When the pressure is relieved, susceptible individuals may breathe with difficulty,
be cyanosed, and bleed from the nose, ears, eyes, and other mucous membranes. There
may be pain in the joints, muscles, and abdomen. There may be paralyses, especially
of the lower extremities. The bodies of the victims are often contorted from the
muscu ar contraction, hence the common name of the condition, “ the bends.” All of
these symptoms may be promptly relieved by recompression. On the other hand,
susceptible persons may succumb within a few hours to the disorder.

The lesions in fatal cases are quite variable. During compression the blood ab-
sorbs an abnormal quantity of the gases from the air. In decompression these escape,
and to this “frothing” of the blood in too rapid decompression the symptoms and
lesions of caisson disease are, in part at least, due. On external inspection no lesion
may be evident; or there may be marked cyanosis of the face and mucous membranes

1 Van Gieson, ‘* A Report of the Gross and Microscopical Examination of Six Cases of Death by
Strong Electrical Currents,” New York Medical Journal, May 7th and 14th, 1892. Cunningkam,
‘“The Cause of Death from Industrial Electric Currents,” New York Medical Journal, vol. Ixx., pp.
581 and 615, 1899. Jelliffe, Peterson and Haines' ‘ Text-book of Legal Medicine,” p. 245.

2 For a study of lesions in x-ray examinations see Wolbach, Jour. Exp. Med., xxi, 415, 1909.
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occur in important viscera, for example, in the lungs, the kidney, liver,
blood-vessels, etc., and secondarily in the walls of the heart itself.

In the gastro-intestinal canal defective innervation, or trauma, or
tumors, or constrictions may lead to the accumulation of ingested material,
to innutrition, to intoxication through decomposition of the albuminous
or other ingredients of the retained material.

So in the liver, an insufficient production of bile or an occlusion of
the gall-ducts may lead to digestive disturbances, to a deposition of
bile pigment in various parts of the body—icterus; to the accumulation
of bile in the blood—choleemia. On the other hand, an overproduction
of bile may take place in the destruction of abnormal quantities of red
blood cells, leading to icterus. Furthermore, through disturbances in
the glycogenic function of the liver, sugar may accumulate in the blood.

These examples of the bearing of functional disturbances and struec-
tural lesions of individual organs upon each other,and upon the welfare
of the body as a whole, must suffice, since the scope of this book does
not permit us to enter upon this wide field of pathological physiology,
for the adequate consideration of which we must refer to systematic
treatises on the practice of medicine.

Race.—Examples of racial disposition to disease are not uncommon.
Thus African negroes are less susceptible than are the whites to malaria.
On the other hand, in this country the negro is especially vulnerable
to tuberculosis.

Age is an important factor in the liability to discase, though the
reason for this is in very few instances at all clear. In childhood, for
example, diseases of the digestive system are readily induced by un-
suitable food. In advanced life, the vascular system is a vulnerable
part of the body. This apparent predisposition of age may, however,
Le referred to the wearing out of the vascular mechanism.

Sex appears to be a definite factor in disease disposition, for such
maladies as diabetes, gout, gencral paralysis, tabes, etc., are more
common in males than in females. But here, as in the age factor, many
obvious external conditions, such as occupation, food, excesses in food
and drink, syphilis, etc., may be invoked as clements of determining
importance but not inherent in the condition of sex. The conditions
incident to child-bearing, however, favor the occurrence of many more
or less serious abnormalities of structure and function peculiar to the
female.

Heredity.—The relations of heredity to disease are extremely com-
plex and subtle, and our knowledge of the subject is still too meagre to
permit of a profitable exposition within the limits which this book im-
poses. In certain infectious discases, syphilis for example, the in-
fective agent may be transmitted from the parents to the offspring.
This, however, is not the conveyance of physiological or structural
peculiarities, but only of an external disease excitant.

For the sake of clearness of thought and correctness of observation it
is well for the student and physician to remember that those features and
capacities of the organism which are inherited, are those and those alone
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derived from the maternal and paternal germ plasm, or through the reac-
tion of these upon each other. The many and varied external influences
brought to bear upon the feetus during intrauterine life, may induce
marked departures from the normal, but these abnormalities are not in a
proper sense inherited. They are more correctly designated congenital.!

Susceptibility to disease may be inherited, to tuberculosis, for
example, though we are unable to define clearly either structural or
functional traits to which this vulnerability may be attributed.

There are numerous examples of hereditary anomalies or dispositions
to disease. We cannot consider them here in detail, but we may men-
tion as examples, heemophilia, color-blindness, myopia, neuroses of vari-
ous types, polyuria, obesity, gout, and diabetes.?

1 For an interesting and suggestive study of heredity, see Adami's ‘‘Principles of Pathology,”
Vol. i, 1908. See also Adami on Inheritance and Disease in Osler's “ Modern Medicine,” vol. i. 1906.

2 For fuller exposition of the subjects considered in this chapter consult Adami, ‘‘Principles of
Pathology,” vol. i. 1908. Thoma, ** Text-book of Pathology,” English Trans., 1896. Chantemesse and

Podwyssotsky, *‘ Les Processus Généraux,” 1901. Roger, ‘‘Introduction to the Study of Medicine,’
Eng. Trans., 1901.




CHAPTER II
CHANGES IN THE CIRCULATION OF THE BLOOD.

General Conditions.

THE circulation of the blood in the body is maintained by a very
efficient and delicate mechanism capable of prompt and effective ad-
justment to changes in the local and general conditions under which
the body is placed.

The factors especially concerned in the maintenance of the normal
circulation and in its adaptability to new and unfavorable conditions
are the contractile heart with its valves, the elastic arteries, the innerva-
tion of the heart and vessels, gravitation, and the various phases of
pressure and suction upon the veins from external sources, direct mus-
cular action, respiratory movements, etc., which promote the passage of
the blood upon its rounds. Finally, the character of the blood itself may
have an important bearing upon the efficiency of the circulatory mechan-
ism. Alterations in any of these factors may involve disturbances of
the circulation. - ‘

We may glance briefly at some of these factors in the circulation, and
first at the heart itself. The energy sustaining the circulation is primarily
derived from the contractile heart, so that the condition of its muscle
and innervation are of the first significance. Should the heart muscle
be enfeebled, through lack of proper nutriment or innervation or by
degeneration of the muscle for example, the circulation suffers in manner
and degree, depending upon the part of the heart involved. Thus if
the muscle of the right ventricle is enfeebled, blood is not properly
drawn into the ventricle and is not sent with sufficient force into the
lungs. The venous system then becomes overfilled with blood. If the
muscle of the left ventricle be enfeebled, too little blood is sent into the
arterial system and the pulmonary vessels are not properly emptied.

Changes in the valvular openings of the heart or in the valves them-
selves lead to disturbances of the circulation. Thus if the openings are
narrowed, too little blood passes them; or if the valves fail to close
properly, some of the blood flows backward through them. In this
way both the pulmonary and the systemic veins become overfilled.

The circulation may also suffer through alterations in the walls of
the blood-vessels. The elasticity and contractility of the arterial walls
are important factors in the maintenance of a normal circulation, since
they sustain and reinforce the heart pressure in the blood and convert
the pulsating movement imparted by that organ into a continuous,
uniform flow through the capillaries and veins. If the arterial walls
become stiffened and less elastic, or if their lumen becomes narrowed,

15
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more work is thrown upon the heart musecle. Thus the peripheral cir-
culation is impaired unless, in a manner which we shall presently con-
sider, the power of the heart muscle is increased by hypertrophy. Ob-
struction of the veins may induce similar disturbances in the heart and an
impaired local or general circulation.

The circulation of the blood being controlled by the nervous system
through the distribution of nerves to both the heart and the vessels,
alterations in the central nervous system affecting the vagus or the
sympatheticus, or severe traumatic injuries to the body involving re-
flex disturbances, may induce serious local or general interference with
the circulation of the blood.

The respiratory movemenlts of expiration and inspiration favor the
circulation of the blood, so that interference with these may be of con-
siderable importance. Thus pleuritic effusions, severe spasms of cough-
ing, etc., may induce changes in the pulmonary circulation and the
right heart as well as in the systemic circulation.

The movements of the muscles of the trunk and extremities acting
together with the valves of the veins contribute to the forces carrying
the blood forward in circulation. Severe spasm of the muscle, as in
epilepsy, tetanus, strychnine poisoning, ete., may induce stagnation of
the blood in the veins of the trunk and the viscera so that it does not
return properly to the heart.

These are some of the more important of the changes which the
general cireulation suffers in conditions which interfere with the cir-
culatory mechanism.

The means by which the heart and the blood-vessels adapt themselves
to various disturbing conditions through compensatory dlterations will be
considered in the chapters in “Special Pathology” dealing with these
organs.

We shall now consider in more detail the local effects of a disturbed
circulation.

Hypereemia and Aneemia.

Within physiological limits the amount of blood in a part may vary
considerably under vasomotor control according to the functional necessi-
ties of the part or vascular territory. Under a great variety of abnormal
conditions the blood content suffers changes so excessive and so lasting as
to be pathological. It is the latter alone which we are to consider here.

A part of the body may contain an excess of blood, a condition called
hyperemia (congestion). This is distinguished from plethora, which signi-
fies a general excess of blood in the body. On the other hand, there may
be too little blood in a part of the body, a condition which is called
anamia.

HYPERZEMIA.
Hyperemia may occur either through increased arterial supply,

active hyperamia (acute congestion), or through some hinderance to the
venous outflow of the part, passive hyperamia (venous congestion).
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throcytes in the veins disappears; the entire lumen is crowded with
them; the blood pressure rises; the current wavers, slows, and stops.
Then the red cells become packed into a homogeneous mass in the dilated
vessel—this is stasis. Diapedesis and transudation now occur in the
capillaries and veins of the involved region. Finally, if the circulation
be not re-established, hemorrhagic infarction (see page 29) or death
of the tissue—necrosis—may follow.

If the venous obstruction be removed, as may be done in the tongue
or mesentery of the experimental frog (see page 111), one may observe
under the microscope the disappearance of the stasis and the re-establish-
ment of the circulation. The homogeneous blood mass resolves itself
into its component corpuscles; the blood moves at first fitfully and
irregularly, then the current is established; the distention diminishes,
and, after a longer or shorter time, the part, if the lesion has not been
too extreme, assumes its normal appearance.

In passive hyperemia the tissue involved is more or less dark red in
color—cyanotic—owing to the accumulation in the vessels of unaérated
blood; the temperature may be lowered when the area concerned is
extensive; it may also be swollen in part from the distention of the
vessels, in part from the extravasation of fluid; finally, there may be
pulsation and increased pressure in the veins.

If the hyperemic condition be long continued—chronic congestion—
the walls of the involved vessels may become thickened; there may be
interstitial fibrous hyperplasia in the affected region; or there may be
varying degrees of cell degeneration or of atrophy. Thus function may
be interfered with or suspended.

In many instances of diminished heart power or when for any reason
the blood circulates with difficulty under favorable conditions, the effect
of gravity may manifest itself in dependent portions of the body or of
the organs, so that these become hyperemic. This condition is called
hypostatic congestion. The most marked example of this condition is in
the lungs of debilitated persons, the dependent portions of which fre-
quently become engorged with blood. This is often associated with
cedema, atelectasis, and more or less cellular exudate in the air spaces.

ANZEMIA.

The word anzmia is used not only to denote the lack of blood in a
part, but also to indicate a reduction or alteration in various constituents
of the blood itself, a condition familiarly called “poverty” of the blood.
General anemia due to impoverishment of the blood will be considered
in the chapter on the Special Pathology of the Blood and the Blood-
forming Organs. We are here concerned only with local anemia—
ischemia.

Local anzmia may be due to the cutting off of the blood supply by
the occlusion of the arteries in thrombosis and embolism; by ligatures;
by the narrowing of the lumen through pathological processes in the
wall of the vessel; by tumors, exudates, etc.; by contraction of the
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vessels from nerve lesions as in Raynaud’s disease; by the action upon the
vessel of physical agents—cold—or by chemical substances or drugs
which induce marked constriction—suprarenal extract and ergot. Fur-
thermore, mechanical pressure upon the vessel from without or compres-
sion of an entire organ or part may induce various grades of anemia.

The affected part or organ in anzmia becomes paler than normal,
often with a yellowish tinge; the temperature is lowered; and the vol-
ume may be diminished; finally, if the absence of blood persist, the
function and nutrition of the involved part suffer, and atrophy, fatty
degeneration and death of tissue may occur.

If, however, the anzmia be only partial or if it be of short duration,
in some organs the nutrition may not suffer in marked degree; in others,
however, the brain, for example, extreme damage may follow even a
temporary anzmia.

The degree, duration, and results of local anemia are largely dependent
upon the cause of the shutting off of the blood supply, and the possi-
bility of its restoration directly or through the establishment of a collat-
eral circulation. Thus, for example, angmia from compression or
from an arterial ligature may at once resolve if the determining cause be
removed. But even though an artery remain blocked, circulation may
be in a measure restored by the dilatation of anastomosing capillaries or
by the backflow of venous blood into the region deprived of its vascular
pressure from the closed arteries. While a certain amount of fresh
blood may reach the affected region in these ways, it is only when anas-
tomoses exist between the branches of the closed and neighboring arterial
trunks that a fairly complete collateral circulation can be established.
For a further consideration of this subject see Embolism, p. 28.

Hemorrhage and Transudation.
HZEMORRHAGE.

Hamorrhage is an escape of blood from the heart or vessels. It
may occur from a rupture of the walls of the vessels, and is then called
hzemorrhage by rhexis. The rupture may be occasioned by injury,by
lesion of the walls of the vessels which renders them too weak to resist
the blood pressure from within, or it may occur from the blood pressure
in the thin and incompletely developed walls of new-formed vessels as in
granulation tissue, tumors, etc. The arrest of hemorrhage may take
place through the contraction of the wall of the vessel or by the forma-
tion of a clot.

Under other conditions, without recognizable changes in the vessels,
all the elements of the blood may become extravasated by passing, with-
out rupture, through their walls, This is called hemorrhage by diape-
desis.  Such hemorrhages are usually small, but may be very extensive.
They occur in the smaller veins and capillaries, the cells and fluids of the
blood passing out through the cement substance Letween the endothelial
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cells. Although no marked morphological changes have as yet been
detected which explain this extravasation, it is probable that some
change in the nutrition of the walls does occur which renders them more
permeable. Hzemorrhage by diapedesis is apt to occur as a result of
venous congestion, or when the flow of blood in the smaller vessels has
been suspended for some time; or it may result from the action of some
poison, or from an injury not leading to rupture; or it may occur in incom-
pletely developed blood-vessels, in tumors and other new-formed tissues.

In the extravasation of blood by diapedesis the white blood cells may
pass through the walls of the vessels, partly at least in virtue of their
amceboid movements; the red cells, on the other hand, having no power
of spontaneous movement, are, according to Arnold, carried passively
through the walls by minute currents of fluid which, under the changed
condition, stream in increased force and volume through the endothelial
cement substance into the tissue spaces outside.

The altered condition of the blood-vessels leading to hemorrhage may
be local or general, and in the latter case it may either be congenital, as
in some cases of the hemorrhagic diathesis, or it may be the result of
a general discase, such as scurvy, purpura, etc. The presence of bacteria
in the vessels, or of bacterial or other poisons in the blood, as in malig-
nant endocarditis and in heemophilia neonatorum, may induce changes in
the walls of the vessels, leading to extravasation.

Forms of Hemorrhage.— Very small heemorrhages are called petechie;
larger, diffuse accumulations of blood in the interstices of the tissues
arc commonly called ecchymoses or suggillations. A complete infiltra-
tion of a circumscribed portion of tissue with blood is called a hemor-
rhagic infarction. A collection of blood in a tumor-like mass is called a
h@matoma. Special names are given to hemorrhage in different parts of
the body; thus, bleeding in the lungs is called hemoptysis; vomiting
blood from the stomach, h@matemesis; noscbleed, epistaxis; hemorrhage
from the uterus, metrorrhagia; certain forms of brain hzmorrhage,
apoplexy. In the so-called hematuria the blood may be derived from
either the kidney or the bladder. Sometimes the elements of the tissuc
into which the blood escapes are simply crowded apart; sometimes, as
in the brain, they are broken down.

The extravasated blood in the tissues usually soon coagulates, al-
though cxceptionally it remains fluid for a long time. A certain num-
ber of the white blood cells may wander into adjacent lymph-vessels, or
they may remain entangled with the red cells in the meshes of the fibrin.
The fluid is usually soon absorbed; the fibrin and a portion of the white
blood cells disintegrate and are absorbed (see page 59). The red blood
cells soon give up their hemoglobin, which decomposes and may be
carried away or be deposited either in cells or in the intercellular sub-
stance at or near the scat of the hemorrhage, either in the form of yellow
or brown granules or as crystals of hematoidin (see page 53). Some-
times all trace of extravasations of blood in the tissues disappears, but
frequently their seat is indicated for a long time by a greater or less
amount of pigment or by new-formed connective tissue. Occasionally
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the blood mass, in a more or less degenerated condition, becomes en-
capsulated by connective tissue, forming a cyst.

The action of phagocytes (see page 98) in the disposal of dead ma-
terial is here, as it is under a great variety of conditions, an impor-
tant factor in the restoration of the body, after lesion, to its normal
conditions.

HXEMORRHAGES IN THE NEW-BORN.

Hemorrhages, sometimes extensive, in various parts of the body—
gastro-intestinal canal, mouth, nose, navel, or the viscera—are not infre-
quent in the first few days of life. Aside from the oceasional discovery
of ulcers in the gastro-intestinal walls, the reason for these hemorrhages
is not evident at autopsy. This condition has been called morbus macu-
losus neonatorum. Hemorrhages from the skin, mucous membranes,
or navel may take place in the syphilitic new-born. Hzemoglobinuria
may occur in epidemic form in young children.

HxemorHILIA (Hemorrhagic Diathesis).

This abnormal condition consists in a liability to persistent hemor-
rhage on the slightest provocation, and is dependent upon some consti-
tutional peculiarity which is unknown to us. It is usually hereditary.
An uncommon thinness of the intima of the arteries has been noticed in
some cases of “Dbleeders,” and other changes have been described; but
there are no constant lesions associated with the h@morrhages, as yet
discovered, which would satisfactorily account for their occurrence.
The hemorrhages may be traumatic in origin, or they may occur spon-
taneously from the mucous membranes.

TRANSUDATION.

Transudation is the passage, through the walls of the blood-vessels
into the interstitial spaces outside, of fluid from the blood, with little or
no admixture of its cellular elements. This occurs constantly, to a cer-
tain extent, under normal conditions, and forms the commencement of
the lymph circulation. But when the amount of fluid passing through
the walls of the blood-vessels is increased, or its outflow into the larger
lymph trunks is hindered so that it accumulates in undue quantity in
the interstices and lymph channels of the tissues, the condition is
pathological.?

An accumulation of transudated fluid in the interstices of the tissues
is called @dema; in the serous cavities, dropsy. Extensive cedematous
infiltration of the subcutaneous tissue is called anasarca. If the trans-
udate accumulates in the pleural cavity the condition is called hydro-
thoraz; in the pericardium, hydropericardium; in the ventricles of the
brain, hydrocephalus. In similar fashion various other namecs are in

1For a study of lymph formation see Hamburger, Ziegler's ** Beitriige zur path. Anat.,”” Bd. 14,

p. 443, 1893; for cedema see Meltzer, Harrington Lectures, Univ. of Buffalo, 1904; American Medicine,
July 2, 1904; also Pearce, Arch. Int. Med. iii, 422, 1909.
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common use for the accumulation of transudates in the body cavities;
as hydroperitoneum (ascites), hydrarthrosis, hydrocele, ete.

Its occurrence may depend upon some hinderance to the venous circu-
lation or increase of capillary pressure, especially when associated with
alterations in the walls of the blood-vessels, or upon changes in osmotic
pressure induced by a reduction in the nutrient efficiency of the blood,
by injuries, or in other ways which may affect the processes of filtration
and osmosis, by which chiefly, it is believed, the normal transudation of
fluids occurs. There is, furthermore, strong and increasing evidence that
the endothelial cells of the capillaries possess active secretory or other
functional capacities which should be taken account of in the attempt to
comprehend transudation as well as many other pathological phenomena
and lesions. A simple interference with the outflow of lymph does not
usually alone suffice to induce transudation, although it may favor its
occurrence. (Edema may depend upon little understood abnormalities
of the nervous system, as in the so-called neuropathic cedemas.

The transuded fluid, called transudate, is usually transparent and
colorless or yellowish; it contains the same salts as the blood plasma,
but less albumin. It may contain fat, mucin, urea, biliary acids, color-
ing-matter of the bile; fibrinogen is usually present in variable quantity,
and, rarely, fibrin. It may contain endothelial cells from the lymph
spaces, and a variable number of red and white blood cells. The amount
of fluid which may accumulate in the tissue varies greatly, depending
upon whether they are loose or dense in texture. The fibres and cells of
loose tissues may be crowded widely apart; the cells are apt to be more
granular than normal, they may contain droplets of fluid or they may be
atrophied. Transudates occurring in inflammation usually contain a con-
siderable number of white blood cells and more or less fibrin, and differ
in this from the non-inflammatory transudations; but in some cases there
is no sharp distinction between them. The inflammatory transudates
are often called exudations or exudates.

Resorption and Absorption.

Under many conditions, both normal and abnormal, fluids and solid
particles are taken into the recesses of the tissues from without, or are
gathered from one place in the tissues to be carried in the blood or
lymph currents or by cells to other parts or to places of excretion. Thus
from the intestinal contents both liquid substances and small solid
particles, such as fat droplets, bacteria, etc., may be taken into the body
fluids. In exudative inflammations, such as pleurisy or pneumonia,
large quantities of fibrin, red and white blood cells, and fluids may
accumulate in the cavities, to be presently removed. So also dead
tissue, blood clots, etc., and foreign bodies may be removed through
various processes of resorption.

The absorption of fluid substances or the resorption of those which
are rendered soluble takes place through the lymph channels, as we
have seen, whence they may be eliminated through the excretory organs.
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the whole presenting a hyaline mass. Thus may be formed a variety of
the so-called hyaline thrombi. Welch! has suggested the probability
that under similar conditions leucocytes also may form agglitinative
thrombi.

Hyaline Thrombi.—Under a variety of conditions, but especially in .
local and general infections and in intoxications, there is present in the
capillaries and in the small arteries and veins a homogeneous, translu-
cent, nearly colorless material, partially or wholly blocking the vessels.
This hyaline material, whose origin is still in doubt, has in some in-
stances a staining reaction similar to fibrin. In other cases hyaline
thrombi are probably special forms of agglutinative thrombi (sce above).

Alterations in Thrombi.—After a certain amount of shrinkage by
which the fluids are squeezed out and the thrombus becomes denser
and drier, the changes which occur in it may be either in the direction
of degeneration and absorption or of organization. The leucocytes, the
fibrin, and the blood plates may degenerate, forming a granular material
which may become infiltrated with salts of lime, forming the so-called
phieboliths, or vein stones. In other cases the thrombi may soften and
disintegrate. This softening may be simple and the result of fatty or
other form of tissue degeneration, resulting in a white or reddish or
brown grumous mass, which may resemble, but is not, pus. Or, in many
instances, softening probably occurs through the autolytic processes
(see p. 106), initiated and sustained largely by leucocytes. On the
other hand, softening of the thrombus may be associated with bacteria
or other infectious material with general suppuration. In this “puru-
lent”” or “septic’’ softening of the thrombus the risk is great of a dis-
tribution of the infectious material through the circulation. Finally,
the thrombus may be replaced by a new formation of vascular con-
nective tissue, itself disappearing by autolysis or phagocytosis as the
new tissue is formed. This is called “organization of the thrombus,”
but in reality the new connective tissue is produced, not from the cells
of the thrombus itself, but from the cells of the walls of the affected
trunk, from whose vessels the new blood-vessels of the thrombus also
arisc (compare page 75). In this way the vessel may be completely
and permanently occluded, or, more rarely, one or several channels may
be established through the new connective-tissue mass (Fig. 7).

Effects of Thrombosis.—The consequences of thrombosis vary
greatly, depending upon the seat, size, and nature of the thrombus.
They are of two classes: 1, those depending upon the direct disturbance
of circulation from the occlusion of the lumen of the vessel; and, 2,
those determined by the detachment of the thrombus or the separation of
a part of it, and the distribution of these through the circulatory channels
to various parts of the body.

1. The occlusion of either arteries or veins may be compensated by
the establishment of collateral circulation. The partial or total occlu-
sion of an artery by a thrombus may lead to local an®mia, degenera-
tion, necrosis, or infarction (see page 29). The obstruction of a vein

1 Welch, Huxley Lecture, Medical News, October 18th, 1902, p. 731.
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Fat Embolism.—After fracture of the long bones, fat from the
marrow may find its way through opened veins into the right heart and
into the pulmonary capillaries (Fig. 9). It may be found also in the
capillaries of the kidneys. Fat embolism of the pulmonary capillaries
may be fatal, but in most cases does not appear to be of great signifi-
cance. Fat cmbolism of the lungs is recorded following extensive
fatty degeneration of the liver in phosphorus poisoning.?

Emboli of Tumor Cells.—Clusters of tumor cclls of considerable
size may enter the vessels through erosion of their walls and may be
transported in the blood current as emboli (Fig. 248, p. 401). They may
lodge in the trunks of large vessels, portal vein, pulmonary artery, etc.,
and in addition to the usual effects of embolism they may grow, forming
metastatic tumors.

Air Embolism.—]It rarely happens in surgical operations that a large
quantity of air enters an opened vein and is aspirated to the right side
of the heart. This may prove fatal. Air bubbles may be found mingled
with the blood in the right heart, in the large veins leading to the heart,
and in the pulmonary capillaries. It was formerly believed that this
was of not infrequent occurrence, and the presence of even small numbers
of air bubbles in the blood was regarded as of extreme significance.
The presence of air in the vessels is common in caisson disease (see p. 11).
In certain cases gas bubbles in the blood are due to infection with a gas-
forming bacterium, the Bacillus aérogenes capsulatus (see p. 289).7

Experimental Study of Disturbances of the Circulation.

One may observe many of the local disturbances of the circulation on the mesen-
tery of the curarized® frog. A loop of the intestine is drawn out through a lateral
abdominal incision and laid over the glass window of a Thoma frog-plate (sece Fig. 72).
The part should be kept moist or irrigated with one-half-per-cent. salt solution,
Under these conditions one may study various phases of hypere#mia and stasis.
heemorrhage by diapedesis and by slight injuries to the vessels, hemorrhage by rhexis
and the formation of local thrombi by which it is controlled. By pressure on the
vessels various disturbances of the circulation, thrombi, ete., can be secured.*

By drawing forward the tongue of the curarized frog, fastening it in extension on
the Thoma frog-plate designed for this purpose (Fig. 72), and ligating one of the large
lateral veins, one can induce interesting phases of passive hyperseemia and transudation.

Embolism may be studied by the injection into the arteries of small particles—
tobacco seed in the dog, begonia seed in the rabbit, or poppy seed—suspended in
salt solution. These may be injected forcibly upward through the crural artery into
the aorta. Embolism of the abdominal viscera, kidney, spleen, etc., with infarction
may be thus induced.

1 For a study of fat embolism see Connell, Jour. Am. Med. Assn., vol. xliv., p. 612, 1905.

2 For a fuller consideration of the circulatory disturbances consult ** Les Processus Généraux,”
Chantemesse and Podwyssotsky, 1901.

3 The commercial curare is so variable in strength that it is best to make an aquecous solution of
about 1:1,000 strength and test the effect, using just enough to secure immobility, and no more, since
serious circulatory disturbances and death of the animal are readily induced with too liberal dosage.
The solution—at first a few drops—is put beneath the skin in the dorsal lymph sac. It is well to give
a preliminary dose a few hours before the use of the animal, bringing him partially under the influence
of the drug, and to complete the effect just before the experiment. Under these conditions the second
dose may be very small and thus untoward effects upon the circulation may be avoided.

4 See for a further description of the method of studying the circulation in the living frog, p. 111.



CHAPTER IIIL
REGRESSIVE TISSUE CHANGES.

General Considerations.

THERE are three phases of activity in the transformations of cnergy
which are characteristic of living cells. These are nutrition, reproduc-
tion, and functional activity. But while these manifestations of energy
are more or less distinct as properties of living matter, they are closely
interdependent. It is the suitable balance of these activities fixed by
prolonged environment which determines what we call health. When
this balance is disturbed beyond the limits of physiological variation, the
alterations which result may be manifest, either in the diminution or de-
struction of tissue or in its increase or new formation. In other words,
the cells of the body, when placed under conditions which seriously
interfere with the orderly transformations of energy, may undergo
alterations from the normal which are regressive on the one hand, or
progressive on the other.

We shall in this chapter consider the regressive processes and their
effects; in the next those which are progressive.

It is well to remember that the regressive as well as progressive
changes in the body are not limited to pathological conditions, but form
a part of the normal processes through which growth is secured and
function maintained.! .

The maintenance of the normal life and structure of the cell is closely
dependent upon the conditions under which it is placed. If there is
lack of sufficient or proper nutriment; if the waste products are not
properly eliminated; if deleterious chemical substances either coming
from without or formed by defective metabolism—poisons, toxins, ete.
—are present; or if harmful physical agencies such as heat, cold, pressure,
etc., are active; or, finally, if the innervation be defective, both the
function and the structure of the cell may suffer.

The functional changes of cells placed under unfavorable conditions
are very variable and often very subtle owing to their complex and often
little understood nature, and may be difficult of detection. These
functional changes may or may not be associated with structural altera-
tions which are.obvious on microscopical observation. Cells may become
larger than normal through increased functional activity, hypertrophy;
they may become smaller, atrophy, under a variety of conditions pres-
ently to be considered. Cells may swell through imbibition of fluid; they
may be altered in shape from pressure. Finally, they may suffer various

1For a résumé of the relationship between normal and pathological regressive processes see
Minot, Middleton Goldsmith Lecture on ‘‘The Embryological Basis of Pathology,” Science, March
29th., 1901.
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While all the cells of the body are subject to this phase of proto-
plasmic degeneration, it is most pronounced and frequent in the paren-
chyma cells of the liver and kidney, in muscle, in epithelial cells of the
mucous membranes. These are, it will be seen, cells which have a large
amount of cytoplasm and in which metabolism is active and the exi-
gencies of nutrition arc imperative. The alterations in the ganglion
cells of the central nervous system in infectious diseases and in various
forms of intoxication are somewhat different from those occurring in
other parenchyma cells and will be described in the section devoted to
the Brain and Spinal Cord.

Cells in a condition of albuminous degeneration may return to their
normal state, they may become fatty, or they may die, become necrotic,
and disintegrate.

The liver, kidney, muscle, mucous membranes, ete., when in this con-
dition, are often swollen and in gross appearance more opaque and gray
than when normal.

The exact chemical nature of this degenerative process is obscure
and will doubtless remain so until we know much more than we now
do of cell structure and cell metabolism.*

TecHNIQUE.—The microscopical study of this lesion is best made in fresh frozen

sections of the tissue, by the rapid formalin method, page 1028; orin fresh tissue teased
in one-half-per-cent. salt solution.

FATTY DEGENERATION AND FATTY INFILTRATION.

GENERAL CONSIDERATIONS.

It should be remembered that besides the occurrence of fat cells in
fat tissue and in the interstitial tissue of various organs, the accumulation
of fat in certain epithelial cells is physiological, as in the functional
processes of the mammary and sebaceous glands. In the involution
of the uterus—also a physiological process—extensive fatty metamor-
phosis of cell protoplasm occurs.

It is customary and convenient, in considering the abnormal accu-
mulation of fat in the tissues, to assume that in one set of cases—fatty
degeneration—the fat is formed by a retrograde metamorphosis or degen-
eration of the proteid elements of protoplasm, a process by which the
integrity and capacity of the ccll are compromised, while in the other—
fatty infiltration—it may be due to a simple accumulation in the cell of
fat formed cleswhere—a condition of less significance.

The validity of this assumption has of late been called in question.
It involves in large measure the solution of the physiological problem
whether normally the fat in the body is formed from proteids or from
carbohydrates. Concerning this, many experiments and much argument
have been made;? but it appears not yet to be solved. The traditional

t For a study of albuminous degeneration see .Albrecht, Verh. Deutsch, Path. Ges., Bd. vi., p. 63
1903.
2 For a critical summary of this question see Taylor, American Journal of the Medical Sciences,
vol. exvii., p. 569, 1899. For a study of the rdle of soluble soaps in formation of fat in cells see Kiots,
Jour. Exp. Med., vol. vii., p. 670. See also ref. to Albrecht, foot-note above. For a study of myelo-
genous substances in cells sec Albrecht, Verh. Deutsch. Path. Ges., Bd. vi., p. 95, 1903.
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as lipoid bodies, allied to soaps, in which the fatty acid essentially
concerned is oleic acid.!

TeCHNIQUE.—Fatty tissues may be teased fresh in salt solution; or they may be
hardened in Flemming’s osmic-acid solution (see page 1030) in preparation for section-
ing. Hardening in Orth’s fluid and afterward in alcohol gives good results if the
lesion be extensive. In tissues which have been soaked in alcohol without previous
fixation of the fat, the latter is no longer present, its former seat being indicated by clear
spaces filled with the mounting medium. Fat crystals, however, often persist after
prolonged soaking in alcohol.

Sudan III and Scharlach R are valuable stains for fat, the fat taking on an orange
or red color. The following method is recommended for this purpose.

Smears of exudates, scrapings, etc., may be made on a slide and fixed in from five
to ten minutes in the vapor of formaldehyde. Stain in a saturated, filtered, seventy-
per-cent. alcoholic solution of Sudan III for fifteen to twenty minutes. Wash quickly
in fifty-per-cent. alcohol and transfer to water. Counterstain in hematoxylin or
methylene blue. Mount in glycerin. Herxheimer? recommends the solution of
Scharlach R to saturation in equal parts of acetone and seventy-per-cent. alcohol,
differentiating in seventy-per-cent. alcohol.

Sections.—Frozen sections of fresh tissue or tissue hardened in formalin are placed
for.a few seconds in fifty-per-cent. alcohol. Stain for fifteen minutes or longer in
Sudan III or Scharlach R.  Wash quickly in fifty-per-cent. alcohol. Rinse in water.
Counterstain in heematoxylin. Mount in glycerin. Conduct the stainings in covered
dishes to avoid a precipitation of the stain by evaporation.®

GLYCOGEN INFILTRATION.

Glycogen appears under abnormal conditions in the cells as hyaline,

mostly globular masses of varying size (Fig. 21). It is soluble in water,

_ is stained brownish-red by iodine,

,f’ Ry and does not, like amyloid, as-

: ! ; sume a greenish color by further

' ‘ R addition of sulphuric acid. In

- ] diabetes it may occur in large

- quantities in the liver cells and

- in the epithelial cells of the

Fla. 21.—GLYCOGEN INFILTRATION OF uriniferous tubules, especially in
ErrtheELIAL CELLs. : .

The droplets of glycogen are stained with iodine. those of Henle’s loop, and in

leucocytes. It may be found in

fresh pus cells, in the cells of various forms of tumors, and in leucocytes

in the blood in leuk#mia, in chronic diseases of the gastrointestinal tract

in children, and in various acute and chronic diseases.

TecuNiQuE. —If the tissue to be examined for glycogen be fresh, the iodine should
be used in solution in glycerin (equal parts of Lugol's solution and glycerin), in order
to avoid its solution. If specimens are to be hardened, this should be done in absolute
alcohol to avoid the solution of the glycogen. Sections may be stained with picro-acid
fuchsin (Van Gieson's stain) or with a dilute solution of iodine in aleohol (tincture
iodine 1 part, absolute alcohol 4 parts); cleared up and studied in oil of origanum.

! For a study of myelins and myelin bodies occurring in fatty degeneration and otherwise see
Adami and Aschoff, Proc. Roy. Soc. B., vol. Ixxviii., 1908.

? Herrheimer, (hl. Allg. Path., Bd. xiv., p. 841, 1903.

3 For method of staining fat-acid crystals sce Mallory and Wright's ‘' Path. Technique,” 1904,
p. 388.










REGRESSIVE TISSUE CHANGES 47

containing material, losing almost entirely its original structure (Fig.
25). The cells in such cases may be affected only secondarily by the
pressure which the new-formed material exerts upon them.

TecuN1QUE.—Tissues should be hardened in Orth’s fluid or formalin followed by
alcohol; the sections are stained with picro-acid fuchsin or with heematoxylin, which
colors the mucin-containing portions.

COLLOID DEGENERATION.

This is very closely allied, both in chemical and morphological char-
acters, to mucous degeneration, and in many cases there is no definite
microscopic distinction between them. But colloid material, which is
normally present in the thyroid, is firmer and more consistent than
mucinous, does not yield a precipitate on addition of acetic acid or
alcohol, and its formation is usually confined to cells; not involving
intercellular substance, except by an atrophy which its accumulation
sometimes induces. The cells may contain larger and smaller droplets
of colloid material, or the latter may nearly or entirely replace the proto-
plasm and accumulate to such an extent as to cause rupture and destruc-
tion of the cell. In this way, and by the atrophy of intercellular sub-
stance which its accumulation causes, cysts may be formed containing
colloid material and cell detritus. Colloid material accumulates fre-
quently in the thyroid gland. A material resembling, if not identical
with, colloid is occasionally scen in the form of homogeneous globules
in the tubules of kidneys which are the scat of other lesions, in the
hypophysis, and in various tumors.

TecunN1QuE.—Tissues should be hardened in formalin or Orth’s fluid. and stained
with picro-acid fuchsin.

"Hyaline Substances.

Under a variety of conditions there are depositad in the tissues homo-
geneous proteid substances whose origin and nature are still obscure.
Sometimes they are very abundant and seriously interfere with the
function of the organs in which they occur. But frequently they are
present in small amount and, with or without association with other
processes, seem to be of slight importance. While some of these are
characteristic in appearance and in the conditions under which they
occur, and give definite gross and micro-chemical reactions, others scem
at present to have no definite reactions and appearances, except the
homogeneous character which they all share.

One of these substances, amyloid, can be definitely differentiated by
its appearance, color reactions, and the conditions under which it occurs.
Another, hyaline substance, while less individualized than amyloid, is
conveniently considered for the present as a definite material. The
remainder of the homogencous substances cannot be classified now and
are probably of diverse origin and composition.
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the form of blood pigment which after a time is apt to form at the
seat of old hemorrhages or in old blood-clots, thrombi, etc., where it
may persist for a long time. '

Red blood corpuscles may be taken up by various forms of phago-
cytes, and within these cells the decomposition of the hemoglobin may
lead to their pigmentation.

Hemolysis may take place in the circulating blood in many forms
of poisoning, in acute infections, notably in malaria, in pernicious anz-
mia, in various cachexie, etc. The h@moglobin thus set free in the
body fluids may be eliminated through the urine, inducing hzmo-
globinuria; it may be used by the liver in the formation of bile; or it
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F1g. 33.—HEMATOGENOUS PIGMENT. HEMATOIDIN CRYSTALS AND MAssEs FREE AND WITHIN
LEucocYTEs.

may undergo decomposition, and its derivatives may be deposited in
the cells of various organs and in the tissues as pigment granules.

A condition called hamochromatosis has been desecribed, in which a
brown pigment, probably derived from the hemoglobin of the blood, is
deposited in various tissues of the body. The organs in this condition
may appear notably pigmented on gross examination. The pigment
particles which are found in the epithelial cells of glands, especially of
the liver and pancreas, contain iron; while an iron-free pigment may be
present in the smooth muscle cells of the gastro-intestinal canal and of
the blood and lymph vessels, and in connective-tissue cells. This pig-
mentation is commonly associated with cirrhosis of the liver. Hemo-
chromatosis may be associated with diabetes mellitus and cirrhosis of
the liver, together with pigmentation of the skin—“bronze skin.”
The conditions leading to hemochromatosis are still obscure.*

HeratoGENOUs PIGMENT.—Pigmentation of tissues from the bile
occurs under various conditions. The bile may enter the blood and tis-
sue fluids in obstruction of the gall ducts by inflammation, tumors, cal-
culi, etc. In the condition called jaundice or icterus the tissues are
stained yellowish or yellowish-green by bile pigment. Icterus, it should
be remembered, may also occur in infectious diseases and in toxamia,
under conditions which lead to destruction of red blood cells within the
vessels. Bile pigment may be deposited in the liver and elsewhere in
the form of yellow or brown granules.

1 For a careful study of hamochromatosis, with bibliography, see Opie, Jour. Exp. Med., vol.
iv., p. 279.
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in the heart muscle, in the so-called “ brown atrophy,” and, under certain
conditions, in the liver.

EXTRANEOUS PIGMENT.—As examples of pigment introduced into
the body from without, we may mention the deposition of minute par-
ticles of silver from the internal use of silver salts—argyria; the coloring
of the skin and lymph glands from tattooing; and especially the pig-
mentation of the lungs and bronchial glands from the inhalation of
coal and other dust—pneumonokoniosis (Fig. 35). This is universally
present under the conditions of indoor life which modern civilization
imposes. Such pigment may be brown ar black, and is usually in very
small particles within cells or in the intercellular stroma.

| Necrosis. -

Necrosis is the death of a circumscribed portion of tissue in the
living body. It may be the result of insufficient nutrition from cutting
off the blood supply, as by embolism, thrombosis, ligaturé, pressure, etc.,
or it may depend upon the action of destructive chemical agents, ex-
treme degrees of temperature, the Roentgen rays and radium. It may
be due to bacterial toxins or to toxins formed by the animal tissues;
to nerve lesions leading to trophic disturbances; or ,to mechanical injury.

Defective nutrition of the body in various acute and chronic diseases
disposes the individual to local necrosis when subjected to any of the
direct agencies just enumerated. The general appearance of dead
tissue varies greatly. In some cases there is a simple and gradual dis-
integration and softening of the tissue, resulting in a mass of degenerated
cells and cell detritus, with more or less fluid and various chemical
substances arising from decomposition. The softening of the brain in
embolism 1s an example of simple necrotic softening—liquefaction
necrosis. In some cases the dead tissues merely dry and shrivel grad-
ually and become hard and dark-colored.

In another class of cases the dead tissues are permeated by fluids
which may be dark red in color, from the solution of coloring matter
from the blood, and may contain bacteria which induce putrefaction,
with the production of gases and various new chemical substances. The
tissues become swollen and granular, and disintegrate; and finally the
whole may form a mass of irregular granules, with fat droplets, tyrosin,
leucin, and various forms of crystals, shreds of the more resistant kinds
of tissue, and bacteria.

The death of cells is marked by cessation of function and by certain
morphological and chemical alterations of the body and the nucleus.
As a rule the highly specialized cells, such as the functional cells of the
brain, liver, and kidney, are most vulnerable in the presence of harmful
conditions.

There is at first no evident morphological difference between dead
cells and living cells. But very soon in the former, changes occur. The
cytoplasm may swell and become homogeneous from imbibition of fluids;
or, on the other hand, it may become more coarsely granular. The
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which are set free or by the incorporation of particles of the dead tissue
" into their bodies where they are destroyed.'

Furthermore, the absorption of necrotic tissues is in part due to
proteolytic enzymes furnished by the dead and degenerating cells them-
selves. The self-destruction of tissues in the ways indicated is called
autolysis (sec p. 106). To what extent the lytic substances through
which dead tissues are softened may be derived directly from the blood
plasma is not yet clear. At any rate, through chemotaxis, phagocytosis,
and autolysis considerable masses of necrotic tissue may be finally re-
moved.? Dead bone is dissolved and disposed of by special forms of
cells called osteoclasts (see p. 103).

Recent studies relating to the adaptation of the body to various alien
substances have led to new conceptions of the nature of the processes by
which the body frees itself of useless or harmful material either devel-
oped within it or introduced from without. For a fuller consideration
of these processes see cytolysis, p. 171.

1 See Phagocytes, p. 98.
? Wells, Jour. Med. Res., vol. xv., p. 149, 1906.



CHAPTER 1V.
PROGRESSIVE TISSUE CHANGES.

Hypertrophy and Hyperplasia.

HyrertroPHY.—Under a variety of conditions, cells, larger parts of
the body, or organs become larger than normal. The structural change
to which this enlargement is due may be a simple increase in size of the
elementary structures of the part, the cells. This is called simple hyper-
trophy. It is usually associated with some increased functional demand
upon the cells and an increase in their functional capacity; as, for exam-
ple, in the hypertrophy of the heart with lesions of the valves, or in the
hypertrophy of one kidney, which in case of diminution or suspension of
function in the other assumes the work of both—compensatory hyper-
trophy.

Pathological hypertrophy in response to functional demand—jfunc-
ttonal hypertropy—has its physiological prototype in the changes in the
uterus and in the mammary gland during pregnancy.

It should be borne in mind that the simple enlargement of a part or
organ does not necessarily involve the hypertrophy of any of its structural
elements. Thus there may be an increase of fat in a muscle causing -
its enlargement; waxy degeneration of the liver may determine great
increase in the size of this organ. It is well to limit one’s conception
of hypertrophy to enlargement of specific structural elements of a part
with maintenance or increase of functional capacity, and to consider
other instances of enlargement, such as those just cited, as examples of
pseudo-hypertrophy.

HypPERPLASIA.—In many cases the increase in size of a part or
organ is due not only, or not at all, to the increase in size of its element-
ary structures, but to an increase in their number. This increase in
number of the structural elements of a tissue or organ is called numer-
ical hypertrophy, or hyperplasia.®

Hyperplasia of connective tissue is of frequent occurrence in associa-
tion with atrophy of the parenchyma of various organs, replacing the
damaged cells as these diminish or disappear. This is called replace-
ment hyperplasia.

Hypertrophy and Hyperplasia in Special Organs.—In hypertrophy of
the heart associated with the increased amount of work which it has to
do in maintaining the circulation in various forms of valvular lesion,

1 For bibliography of compensatory hypertrophy see reference to A4 schoff, p. 79.

2 Consult for examples of hyperplasia and hypertrophy the following sections on Regeneration and
Inflammation.
61
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pulmonary and vascular obstruction, or excessive bodily strain;' in
hypertrophy of the unstriated muscle such as may occur in the bladder
in urethral stricture, calculi, ete., in the stomach in pyloric stenosis, In
the arteries in chronic diffuse nephritis; as well as in the voluntary-
muscle hypertrophy from athletic exercises, etc., the individual muscle
cells and fibers are increased in length and in thickness.

In hypertrophy of one kidney from the loss of the other or part of
its own substance by operation or lesion, there is enlargement of the
epithelium, especially of the convoluted tubules and of the glomerular
epithelium covering the tuft, the latter being also enlarged. Changes in
the collecting tubes and in the interstitial tissue are less marked even in
kidneys which are greatly increased in size.

Compensatory hypertrophy of the liver following destruction of
part of the parenchyma scems to be largely due to the new-formed
liver cells, and to hyperplasia of the interstitial tissue, but the hyper-
trophy of the old cells occurs.

Compensatory hypertrophy of the thyroid and adrenals has been
experimentally induced. Hypertrophy of one testicle occurs after the
removal of the other, and the same is true of the mammary glund. Com-
pensatory hypertrophy of the ovaries has not been observed.

After destructive injury to the spleen its function may be in a
measure assumed by the bone marrow and lymphatic tissue which
undergo compensatory hypertrophy.

" In most of these conditions hyperplasia of the interstitial tissue is
associated with the hypertrophy of the specific parenchyma cells whose
response to increased functional demands is marked by simple hyper-
. trophy.

Metaplasia.

In the development of the body there is a constant and progressive
differentiation of cells. When development is complete a certain speci-
ficity exists, marked by functional and structural characters. These
specific characters in cells are fairly permanent under normal conditions.
Under a variety of abnormal conditions, however, they may undergo
modification so that one type of cell or tissue may assume more or
less completely the characters of another type. But the limitations
of this change in type are strictly drawn, so that one type can assume
only the characters of another which i1s closely related to it. This
change of one form of closely related tissue into another is called meta-
plasia.

Thus, by a gradual change in the cells and stroma of fibrous tissue,
this may ke converted into bone, as mucous tissue may become fat tissue,
and hyaline cartilage become fibrous. Metaplasia is a process involving
active changes on the part of the living cells of the tissue, and should be
clearly distinguished from certain degenerative and infiltrative processes,
in the course of which one form of connective tissue may assume super-

1 For conditions of cardiac hypertrophy see p. 550. Fora fuller considerntion of the phases and
conditions of hypertrophy see Adami *‘Principles of Pathology,’ i, p. 535.
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ficial resemtblances to others of the group, as in caleareous and mucoid
degeneration.

The infiltration of the cells of fibrillar connective tissue with fat,
and the reverse process in which the fat is lost, as in atrophy and emacia-
tion, are not, strictly speaking, examples of metaplasia.

While metaplasia 1s most common among the members of the con-
nective-tissue group, it sometimes occurs in other tissues. Thus, for
example, the epithelium of the nose, bronchi, urinary passages, cervix
uteri, and gall-bladder may under a variety of conditions assume the
characters of squamous epithelium of the skin type.'

One should be critical in estimating the value of evidences of meta-
plasia, which has apparentlyv been assumed to occur more frequently
than the facts justify. For example, many instances of alleged meta-
plasia can be equally well accounted for on the assumption of defects
of development in which a certain portion of tissue has failed to com-
plete its differentiation, thus remaining in form and in situations which
simulate the results of metaplasia. Or, cells of the differing types may
have grown into the region from adjacent parts.

When differentiation has advanced so that such distinet types of
tissue have been formed as connective tissue, epithelium, muscle, nerve,
these do not again merge through metaplasia. There is no evidence
that mesoblastic tissues can be converted into those of the epiblastic or
hypoblastic type or rice versa.

Reversion.

Under various conditions, but especially when highly differentiated
cells have been thrown out of function often as the result of inflammatory
processes, they appear to assume the morphological characters which
belong to an early stage in their development. This is called reversion,
reversionary melumorphosis or kataplasia. Thus the flat epithelium of the
air vesicles of the lungs or the cylindrical epithelium lining the bronchi
or the stomach may become cuboidal. In the kidney the epithelium of
the glomeruli and also of the convoluted tubules may become cuboidal.
So in chronic peritonitis the endothelium may become greatly thickened.
Muscle fibres and connective-tissue cells may assume for a longer or
shorter period distinctly embryonic forms. But here, as in metaplasia,
one should accept the morphological evidence of reversion with due
reserve, since in many instances the cells in question of the lower type
may be the results of a reparative process not yet complete, and may
have been derived from newly-formed cells.? Furthermore the shape of
cells in general is so closely dependent upon nutrition, pressure, and
mutual relationship that even slight departures from these may lead to
changes in form quite as marked but not of such significance as those in-
volved in reversion.

. 1For references to epithelial metaplasia see Menetrier in Bouchard’s ** Traité de path. gén.,”” L.
nL, pt. 2, p. 784. See also for a discussion of metaplasia Ribbert’s ** Lehrbuch d. allg. Pathologie.”
2d edition, 1905, p. 323, and ** Geschwulstlehre,”” 1904. Also Adami, ‘‘Principles of Pathology. vol. i,
p- 586-

. Bee Ribbert's ‘' Geschwulstlehre,”” p. 15, 1804. Also for general review of reversion and growth
In tissues see Adamt, *‘ A. Jacobi Festschrift,”” 1800, p. 422, and in his Pathology, i, p. 810.
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Regeneration.

General Considerations.—It is during the earlier periods of life that
the new formation of cells in the body is most active. From the fertil-
ization of the ovum until the tissues and organs have assumed the varied
forms and functions which the physiological division of labor among the
cells imposes, cell proliferation and cell adaptation to a changing envi-
ronment are constant and important features of individual development.
After this time, under normal conditions, new cell formation is largely
limited to the replacement of worn-out cells or to the restitution of
such cells as may be sacrificed in the performance of their physiological
functions.

The studies of Bizzozero have shown that, notwithstanding the great diversity in
the capacity for physiological regeneration among tissues, they may be conveniently
grouped into three classes, as follows: First, tissues whose cells are capable of multipli-
cation throughout the life of the individual or for a considerable period after maturity,
and so lead to a continual regeneration. These are tissues whose cells are labile and
evanescent. In this class are the parenchyma cells of those glands or structures which
produce formed elements, such as the spleen, lymph-nodes, bone-marrow, ovary, testi-
cle. Also the epithelium of the skin with its hair follicles and sebaceous glands, and of
the mucous membranes of the respiratory, digestive, and genito-urinary organs. Sec-
ond, tissues whose elements increase by division up to the time of birth, or sometimes
for a short period thereafter, when evidence of physiological regeneration ceases.
These are tissues with permanent cells. In this class are the parenchyma cells of those
glands which secrete fluid material, such as the liver, kidney, pancreas, salivary glands,
etc. Also members of the connective-tissue group, fibrous tissue, cartilage and bone,
and the smooth muscle fibres. Third, striated muscle and nerve tissue. In these
tissues, division by mitosis ceases at an early period and before the tissues have ac-
quired their special characters. Here a physiological regeneration does not occur.

This grouping of tissues in accordance with their capacity for physiological regen-
eration, while liable to modification under further research, affords a suggestive guide
in our studies of regeneration under abnormal conditions. For beyond the regenera-
tive capacity normally exercised by cells in response to the physiological wear and
tear of life, they are frequently called upon to make good unusual losses, as the result
of many forms of injury.

Regeneration of injured tissues, all new growths, as well as the
hyperplasias above mentioned, are invariably brought about by prolifer-
ation or other changes in living cells. Furthermore, just as the cells of
the adult organism are the offspring of one original cell, the ovum, so
are all the new cells which appear in the body under abnormal condi-
tions derived from pre-existing cells by division.

We shall now briefly summarize the morphological changes which
cells undergo in division and shall then indicate the degree of regener-
ative capacity which various forms of tissues possess.

MODES OF CELL DIVISION.

The careful and minute study of cells during the act of division,
which has been recently made, has revealed many most curious phe-
nomena and has opened a new world of observation nearer to the elemen-
tary expression of life than has scemed possible in earlier times. It will
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suffice for our purpose briefly to indicate some of the more striking feat-
ures of the new cell lore.

It is well to recall at the outset that recent studies of cells have
shown that even in their simplest forms they are highly organized, and
that their different parts have special functions to perform. Thus the
nucleus presides over the constructive metabolism or assimilative proc-
ess of the cell and furnishes the physical basis upon which the trans-
mission of hereditary characters depends. The cytoplasm of the body,
on the other hand, is concerned in those phases of metabolism which
result in the liberation of energy in movements of various kinds and in
the formation of new chemical substances. The centrosome also in
certain cells, though not apparently in all, appears to play an important
part in the changes incident to division.

Two modes of cell division are commonly recognized. First, indirect
division (mitosis, or karyokinesis) ; second, direct division (amitosis).

InpirecT (MIToTIC) CELL DIvISION.

This is the most common mode of cell division and is especially char-
acteristic of embryonic cells and those which are undergoing active de-
velopment.  While it presents great variations, its general features may
be thus briefly summarized:

Among the earlier changes which are to be seen in a cell about to
divide by mitosis are a condensation and an increase in the staining capac-
ity of the chromatin of the intranuclear network. This chromatin sub-
stance gathers into a contorted thread or threads, called the spiremes
(Fig. 41, 2), within the nucleus, whose membrane with the nucleolus
gradually disappears so that the spireme lies free in the cytoplasm; and
at the same time with, or preceding, these changes in the nucleus, there
may be a division of the centrosome when this is present, the segments
resulting from this division passing to opposite parts of the cell, usually
outside the limits of the nucleus. Around each of the new centrosomes,
which stain deeply with hematoxylin or other nuclear dyes, may be a
clear zone of unstained material, or a series of fine radiating fibrils, or
both; the whole forming a structure called a polar body (Fig. 41, 2 and 3).

Now the threads of the spirecme break across transversely, forming a
series of more or less rod-like bodies called chromosomes, which form a
somewhat flattened cluster or wreath between the polar bodies, lying in a
plane at a right angle to a line passing between the latter.! While this
mass of chromosomes—sometimes called the monaster—has a stellar or
wreath-like appearance when seen from the side, it is more band-like
when viewed in profile (Fig. 41, 3 and 4).

Between the polar bodies and across the monaster there may now be
stretched a bridge or spindle of delicate fibrils resembling those about the
centrosome in the polar bodies.

11t is believed that every species has a fixed and characteristic number of chromosomes in the

dividing cells, and that in forms arising by sexual reproduction this number is even. In man the num-
ber is believed by some to be 18, by others 32.

5
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The significance of the difference between the amitotic and the mitotic
cell division is that, while in the former there is an exactly even division
of chromatin to the daughter nuclei, the division in the latter is of the
nuclear mass as a whole.

Amitotic, as well as mitotic, division occurs in leucocytes, in some
forms of epithelium, and in pathological new formations. While the
nature of the process is little understood, there appears to be much
reason for the belief that, in general, amitotic division is “characteristic
of highly specialized or degenerating cells in which development is ap-
proaching its end.””!

GENERAL CHARACTERS AND LIMITATIONS OF CELL REGENERATION.

It should be borne in mind, in studying the regeneration of various
kinds of cells and tissues, that the acquirement by certain cells of special
functional powers as the result of the physiological division of labor has
involved the impairment of some of their more primitive general capac-
ities, among these that of reproduction. Thus it is that we find in the
ganglion cells an almost total lack of reproductive capacity; while in
many of the gland cells this is slight, in others considerable. In some of
the less highly differentiated cells of the body, on the other hand, as in
certain forms of epithelium, in blood cells, and in the cells of the con-
nective tissue, this primitive capacity of protoplasm to form new simi-
lar cells by division is maintained, and may be evoked by the changed
conditions which injury or loss involves.

Although the occurrence of mitosis is the mark by which we espe-
cially recognize the regenerative process in cells, it should be remembered
that mitosis or some of its phases may occur in cells, without being fol-
lowed by those further changes which lead to new cells or new tissucs.?

We may also often recognize new-formed cells and tissues by differ-
ences in the shape and character of the cells and the arrangement of the
tissue elements, these often approaching the embryonic type in form as
well as in character of development. Furthermore, the atypical arrange-
ment often seen in new-formed cells, both in regard to each other and in
their association with older tissues, may aid in the identification of the
formative process.

Individual cells, even after having undergone marked structural
changes—as, for example, in albuminous degeneration—or after a cer-
tain degree of physical injury, may be restored to a normal condition.

After destructive injury or loss, a full and complete replacement of
cells and tissues can occur only as the result of a proliferation of cells of
the same type as those to be restored. Thus a regeneration of epithe-
ium occurs by proliferation and growth of cpithelial cells alone; regen-

1 For a comprehensive summary of facts and theories concerning the cell, both in higher and lower
forms of life, consult Wilson's masterly work, ** The Cell in Development and Inheritance.”

2 One is often disappointed in seeking for mitotic figures to find so few of them cven in rapidly
growing tissues. This is due to the fact that cell division even when active is not continuous, and
periods of rest may follow the act of division. See Thoma's ** Text-book of General Pathology,’ English
Tr., vol. i., p. 481.
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eration of muscle by muscle cells, ete. In fact, however, in the higher
types of tissue, after considerable injuries with loss of substance or after
destructive pathological processes, complete regeneration is not common.
This, as we have seen, is because the highly specialized cells of the body
are limited in their capacity for reproduction closely to the domain of
physiological regeneration. What we ordinarily call healing in exten-
sive wounds of the more highly specialized tissues is usually a provi-
sional makeshift repair by means of new-formed connective tissue.

We have seen that the regenerative capacity in the cells of the human
body is most marked in the less highly diffcrentiated types of cells, and
that it is above all connective tissues, blood-vessels, and epithelium
which most freely and most completely undergo regeneration. These
are relatively lowly organized tissues and serve for the maintenance or
protection of more highly specialized tissues, and with them regencra-
tion may be complete with full restoration of function.! But although
the more highly organized tissues in man do not undergo after injury any
considerable regeneration, they are, when uninjured, capable, under the
stimulus of increased functional exercise, of compensatory hypertrophy,
80 that the loss to the organism of similar tissue is made good, an ex-
ample of which is the structural hypertrophy and increased performance
of one kidney after the removal of the other.?

The capacity to regenerate lost or injured parts exists to a certain ex-
tent in all animals but is most marked among the lower forms. Thus if
an ameba be cut in two so as toleave one part with the intact nucleus,
this part lives and the onc-celled organism is completely restored. The
fresh-water hydra, composed of many cells, may reproduce a large por-
tion of the organism from a small severed fragment. The common carth
worm can reproduce a severed head or tail. Crabs reproduce a whole leg
if the severance takes place at a particular joint. Salamanders, snails,
ete., can reproduce a leg and tail. It is further noteworthy in this connec-
tion that the larve of many lower forms, such as reptiles and inscets,
have a much greater capacity for the reproduction of lost parts than the
same species have when in the adult condition.?

REGENERATION OF SPECIAL TISSUES.

Regeneration of the Nerve Tissue.—In the nervous system we find no
evidence that the ganglion cells are capable of reproduction. Some phases
of mitosis arc occasionally found in them, although they do not appear
to lead to proliferation. But if the essential parts of the ganglion cells,
including the nuclei, be intact, a restoration may occur of their central
as well as their peripheral branches. The fibrous and the neuroglia tis-
sue of the central nervous system, on the other hand, may increase, and

1 Consult Morgan, ‘‘ Regeneration,” Columbia University, Biol. Ser., 1901.

2 For an illuminating discourse on the surplus of functional provision in the body see Melizer,
‘“ The Factors of Safety in Animal Structure and Animal Economy,” Harvey Lecture, 1907, reprinted in
Jour. Am. Med. Assn, xlviii, 655, 1907.

3 For a suggestive study of the lnws of growth and changes in cells and tissues during development,
and their relationship to the nature and cause of old age, see Minot, Harvey Lectures, 1905-1906. Also
Pop. Sci. Monthly, Ixxi, 1907.
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in this way, even with considerable loss of substance, injuries to the
brain and cord may undergo a sort of patchwork repair.

In the peripheral nerves a considerable regeneration of fibres may
take place after injury, when the corresponding ganglion cells are intact.
This restoration may be effected in part by fibrous tissue which bridges
the damaged region and affords guides or channels along which the axis
cylinders may grow out from the uninjured central segments, finding
their way to their endings, as in embryonic development they stretch
into the tissues far from the ganglion cells in which they originate. The
restitution is possible here because the centre of nutrition and at least a
limited reparative control in the ganglion cell are intact.

Further details as to degenerations and regenerations of nerves and
nerve tracts may be found in the chapter devoted to The Nervous
System. ,

Regeneration of Muscle Tissue.—Regeneration of smooth-muscle tissue
after injury is slight. Mitosis may occur in the cells and preliminary
phases of division of the body have been described, but it is doubtful
whether, except possibly to a very slight extent, new cells are formed.
Such healing as occurs after wounds and other injuries is largely effected
by new-formed fibrous tissue.

A partial regeneration of striated muscle occurs after various forms of
damage and losses of substance. There may be division by mitosis in
the sarcolemma nuclei (Fig. 43) associated with the accumulation near

Fi1G. 43.—REGENERATION OF STRIATED MUSCLE AFTER INJURY.

The nuclei of the sarcolemma have proliferated and are surrounded by a small amount of non-striated
protoplasm.

them of granular protoplasm, which becomes striated, either in situ or
as independent cells. At the injured end of the muscle fibre a similar
process may occur, so that these damaged fibres may be in part restored.
If as the result of the injury some of the nucleated protoplasm escapes
from the sarcolemma, a similar development of striated cells and cell
masses may occur.

It is especially in certain forms of degeneration of the contractile
substance, after typhoid fever for example, in which the nuclei, the sar-
colemma, and the general framework of the tissue are uninjured, that
regencration of striated muscle fibres is most complete. After injuries
with considerable destruction of the muscle tissue, regeneration is apt to
be irregular and incomplete. While there is often much nuclear divi-
sion and often the formation of large numbers of more or less striated
and variously shaped cells, these are apt not to develop into useful
muscle fibres and may disappear by degeneration and absorption or by
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“plasma cells.””! In either case the cell about to divide shows an increase

in the size of the body, which becomes more granular; the nucleus divides
by mitosis, segmentation of the cytoplasm following. This process may
be repeated so that many cells are derived from one, separated at first by
a small amount of homogencous intercellular substance. These cells,
at first more or less spheroidal in form, may become larger, and polyhedral
or elongated. Little by little, fine fibrils appear between the cells, some-
times apparently as extensions of their eytoplasm, sometimes along their
sides in the homogeneous material in which they lie. Such new con-
nective-tissue cells concerned in the formation of fibrillar stroma are
called fibroblusts (Fig. 47). As the fibrous stroma increases in amount
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F16. 47.—REGENERATION OF CONNECTIVE TissUE.

Showing fibroblasts with a few new-formed intercellular fibrils between them. The walls of the blood-
vessels are very thin.

the cells, at first relatively abundant, become elongated and flattened,
until as the new tissue approaches maturity the more or less dense
fibrillar stroma preponderates, pressing the cells between its bundles or
layers into variously shaped plaques, often fusiform or linear in profile.

In the formation of fibrillar connective tissue from endothelium the
endothelial cells of thin-walled blood-vessels inercase in size, stretch
slender bud-like extensions into the adjacent tissue, where, after mitotic
division, they assume a réle altogether identical with that of the ordinary
connective-tissue cell.

1 PLasuma CELLs.— It is believed by many that the so-called plasma cells are frequently and largely
concerned in the formation of new fibrous tissue. Plasma cells are rounded or polyhedrl or elongated,
depending upon their situation, and vary in size from that of a leucocyte to many times this size. The
rounded or oval nucleus is usually excentric and commonly shows several irregular groupings of chro-
matin masses just beneath the membrane. The body of the plasma cell is especinlly characterized by
the staining of its protoplasm by basic anilin dyes—the polychrome methylene blue of Unna, for example.
The staining is commonly less intense near the nucleus and is otherwise frequently uneven.

Such cells occur normally in the bone-marrow, spleen, lymph-nodes, and gastro-intestinal mucosa
of man, and may be found under various pathological conditions, especially in hyperplasia and the new
formation of fibrous tissue. It is believed by many observers that plasma cells are direct derivatives
of the small mononuclear lymphocytes, and that when thesc gather in the tissue by emigration, they
may cither undergo degeneration and destruction, or, on the other hand, they may become connective-
tissue cells and share as fibroblasts in the formation of fibrillar stroma. Other observem believe some
forms, at least, of plasma cells to be simply fibroblasts which have assumed a spheroid form. The
origin and significance of ** plasma cells’” are not yet altogether clear, and we must refer to larger works
for further data. See **Critical Summary of Recent Literature,” by Williams, American Journal of the
Medical Sciences, vol. exix., p. 702, 1900, also “*Plasma Cells in Liver,” Porcile, Ziegler's Beitr., Bd.
xxxvi., p. 375, 1904.
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The formation of new connective-tissue cells may be large or it may
be limited to the production of a single pair of cells; the stroma may be
scanty or abundant, loose or dense; the process is essentially the same,
namely, the division of cells by mitosis, and the formation by them, or
under their influence, of more or less fibrillar stroma. This process, it
will be seen, is practically identical with the formation of fibrous tissue
in the embryo.

But here, as elsewhere, the character and extent of new tissue pro-
duction are largely influenced by the environment, and particularly by
the nutritive supply, so that the formation of new connective tissue in
any considerable amount is closely linked to the development of blood-
vessels.

Regeneration of Endothelium.—The regeneration of endothelium,
which seems to be closely related to that of connective tissue, takes place
readily. The new cells advance over denuded surfaces in a manner
similar to that in epithelial repair. Whether the new cells always origi-
nate in the old neighboring endothelium or may be more directly derived
from fibroblasts is not yet fully determined.

The Formation of Blood-Vessels.—The formation of blood-vessels in
post-embryonic life is believed always to start in a budding or sprouting

Fi1c. 48.—DEVELOPING BLOOD-VESSELS IN NEW-FORMED TISsSUE.

of the endothelial cells of pre-existing capillaries. The sprouts, directed
outward from the endothelia of the capillaries, consist at first of buds,
then of slender, conical, or filiform projections of eytoplasmic substance
(Fig. 48). Now the cytoplasm of the cell from which the sprout springs
may increase in amount and its nuclei divide by mitosis, so that the base
of the sprout may consist of a multinuclear mass of cytoplasm or of a
cluster of new-formed cells. The sprouts may extend for a long distance
into the surrounding region, whether this be alrcady organized tissue
in which the vessels are increasing in number or unorganized lifeless
material like blood-clot, which is to be replaced by new living structures.
If a similar process be in progress in neighboring vessels, the sprouts may
unite at their extremities, forming a slender solid protoplasmic bridge
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from vessel to vessel. The sprouts now become thickened and gradually
channelled out at the base by pressure of the blood in the vessel from
which they spring. The blood enters these lengthening channels,
forcing its way along them, forming a lumen as it goes. Simultaneously
with this advance of the lumen, new nuclei are formed by division of the
old along the sides of the vessel, and the new structure gradually assumes
a distinctly cellular and vascular character. At length the channel is
complete; the new vessels have well-defined endothelial walls and
connective-tissue cells from without, or new connective-tissue cells
which have been formed about the nuclei of the protoplasmic sprout,
range themselves outside along the walls. So the new vessel takes its
place in the vascular system of the part. Thus, in a short time, many
new blood-vessels may form, furnishing nutritive centres about which
the organization of tissue proceeds.

In the new formation of arteries it is believed that the smooth-muscle
tissue is formed by a growth along the developing vessel from a pre-
existing artery.

The Formation of Lymph-Vessels.—Thec formation of lymph channels
in granulation tissue takes place in the same way as that of blood-
vessels, the process being initiated by the formation of buds from the
endothelium of existing vessels which push their way out into the new
tissue, gradually acquiring lumina and forming anastomoses with other
trunks.

Regeneration of Cartilage and Bone.—Ncw cartilage may form by
the proliferation either of connective-tissue cells or, to a slight extent,
of cartilage cells, and the formation about the new cells of the character-
istic basement substance. It is the connective-tissue cells of the peri-
chondrium from which especially new cartilage is formed.

The new formation of bone under pathological conditions is not
brought about by the bone cells, but by the development, first, from the
cells of the periosteum or of the marrow, of a cellular connective tissue,
or from the perichondrium of a form of hyaline cartilage. From these
tissues, by processes essentially similar to those in the embryonic develop-
ment, the new bone i1s formed under the influence of osteoblasts (see
p. 876).

The regeneration of bone marrow takes place through the activities
of the characteristic marrow cells together with those of the blood-
vessels and cells of the connective tissue and osteoblastic type.!

Regeneration of Lymph-Nodes.—Regeneration of lymph-nodes may
take place after partial removal. This appears to be more complete
in the earlier years of life. After extirpation of lymph-nodes it has been
shown experimentally that new nodes may form. These Bayer believes
develop from fat tissue. Further studies are needed in the regeneration
of lymph-nodes and the relationship of these and lymphatic tissue to
fat and other forms of conncctive tissue.?

! For studies on the regeneration of bone marrow, see Haasler, Arch. f. klin. Chir., Bd. 1., p. 75 1895,
and Enderlen, Deutsch. Zeits. f. Chirurg., Bd. L, p. 293, 1899.

? (‘onsult for bibl. of regeneration of lymph-nodes and lymph-vessels, Meyer, Johns Hopkins Hosp.
Bull., vol. xvii., p. 185, 1908.
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one part of the individual to another—autoplastic—or from another
individual of the same species—heteroplastic.

A variety of general conditions favor successful transfer. The
tissue to be transplanted must be alive and in good condition; young
tissues are more readily transferred than old; the site to which the
transfer is made must be adapted to the growth of the graft. A great
difference is observed in the success of transplantation of various types
of tissue. Thus, the epithelium of the skin and various forms of con-
nective tissue may be, under favorable conditions, readily transplanted,
and produce new tissue of similar type. Thus, deeply implanted
epidermal tissue may grow and produce considerable new tissue, especially
in the form of cysts resembling either simple or complex dermoid cysts.
Experimental transplantation of various gland and other special forms
of tissue, such as portions of the kidney, liver, sebaceous, salivary and
mammary glands, testicles, ovary, periosteum, bone, and cartilage,
show that there may be at first, if the conditions be favorable, a slight
proliferation of the transplanted tissue cells. Together with this growth
in the better-nourished parts of the tissue grafts there is apt to be a
more or less extensive necrosis of other portions. But the proliferative
activitics of transplanted gland tissue are, as a rule, not permanent;
they presently cease and sooner or later these tissues, with necrotic
portions of the grafts, are absorbed.

Transplantation of epidermis for practical purposes has become a
part of surgery, aiding in the repair of surface losses of skin. The graft
properly implanted upon the granulating surface becomes closely
attached by the growth into it of new connective-tissue cells and blood-
vessels. The old connective tissue of the graft, as well as most of the
epithelium, especially the superficial layers, usually dies and is cast off
or absorbed, while new epithelium formed from the remaining -cells
makes 1ts way over the granulating surfaces.

In transplantations of bone the grafts seem to furnish a nidus into
which, hand-in-hand with its absorption, new bone grows under the
influence of osteoblasts of the old periosteum, but does not itself appa-
ently share in the new production of bone tissue.

Portions of the thyroid gland and of the ovary have been successfully
transplanted.?

Carrel has found that heteroplastic transplantations of whole organs—
kidney, spleen, leg, segments of blood-vessels, etc.—in animals may be
successfully accomplished if through accurate vascular anastomoses the
circulation can be re-established, and other relationships of the parts—
nerves, ducts, etc.—be properly restored.?

1 For study of transplantation of thyroid see Payr, Arch. f. klin. Chir., Bd. 80, 1908.

2 For a summary of observations on tissue transplantation see Ribbert, ** Allg. Pathologie,’’ 1905,
p. 297. See also, for transplantation of organs, Nichols, ‘‘* Third Report of the Croft Cancer Commis-
sion,”” Jour. Med. Res., vol. xiii., p. 221, 1905. For transplantation of human ovaries see Cramer,
Minch. Med. Wochenschr., Sept. 25th, 1806. See also, for transplantation of organs and blood-
vessels, Carrel and Guwhrie, ** Surgery, Gynecology and Obstetrics,” vol. ii., p. 266, 1906; Jour. Am.
Med. Assoc., Nov. 25th, 1905; Am. Jour. Med. Sci., Feb., 1906; Science, Mar. 9th, 1906, and April 13th,
1906; Carrel, Jour. Exp. Med., vol. x., p. 98, 1908; vol xii., 139, 146, 1910; Guthrie, Jour. Exp.
Med. xii, 269, 1910.
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The Impulse to Cell Regeneration.

While we can thus summarize the differing capacities of the body-
cells for regeneration; while we know many of the general conditions
under which the impulse to cell proliferation and growth is manifested;
while, further, we have learned something of the delicate mechanism
through which division is controlled and effected, at the end we must
acknowledge that we do not know why cells divide. We may say that
it is due to a chemical or a mechanical stimulus, and it certainly may be
associated with both; or that increased nutrition favors, while innutrition
retards cell multiplication; we may cite direct or remote injury, or talk
of the inhibition of organic control, disturbed tissue equilibrium, dimin-
ished pressure, reversion, etc., but when all is said we are forced to recur
to some unknown factor in the inherited constitution of the cell which
determines the measure and character of its response to the most varied
influences.

The hypothesis of Ribbert, in accordance with which the capacities
of cells to proliferate and grow, so manifest in embryonic life, are held
in restraint in the normal adult body by a subtle correlation of cells and
tissue, is most suggestive in this connection. When this mutual relation-
ship is disturbed, as is the case under many of the conditions in which
regeneration takes place, the cells, in the conception of Ribbert, are
freed from certain, at least, of their organic restraints. These restraining
conditions he calls “tissue tension,” meaning thereby, however, some-
thing more complex and subtle than simple physical tension. Thus,
free to exert their primitive capacities, formerly held in restraint by the
environment, we can conceive how cells proliferatc and new tissues are
formed in the regenerative processes without assuming the acquirement
of any new capacities and without the assumption of vague and special
stimuli.!

According to this conception, then, the regenerative processes lead-
ing to the formation of new cells and tissues are not brought into play
by stimuli furnished by injuries—the so-called “formative stimuli”
of an earlier time. But new cells and tissues form as the result of the
release of inherent capacities of cells normally held in restraint after
the developmental period, by their associations as parts of an organism.
Thus, when conditions of nutrition, pressure, organic association, pos-
sibly of protoplasmic continuity or of nerve correlation, are disturbed,
for example, through trauma, poisons, degenerations, prolonged hyper-
#mia, and various other vascular and nutritive cellular disturbances,
the leash of organic control is loosened, and the primitive capacities
of the cells arc temporarily free to act. But, as wc have seen, this

1 For a résumé of Ribbert’s hypothesis and its applications to regeneration, hypertrophy, etc., see
Ribbert, ** Aligemeine Pa'.hologxe," 2d Ed., 1905; also references under “Origin of Tumors,” p. 351.
For a criticism of Ribbert's views see Adarm 8 “Pathology vol i., p. 537, et seq.

See also, for summary of a new phase of research and interpretation in the nature of the ‘' forma-
tive stimulus'’ involved in artificially induced cell division and artificial parthenogenesis, Loeb, *‘ Studies
in General Physiology,” p. 253. For general bibliography of regeneration, compensatory hypertropby,
ete., see Aschoff, Lubarsch and Ostertag’s Ergebnisse, Jahrg, v. for 1898, p. 22. For a full consndem-

tlon of the subjects dealt with i m thls chapter consult the general pathology ‘ Les Processus Généraux"’
of Chant and Podwy ky, 1901.
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resumption of an abeyant potency in the ordinary processes of repair
is not limitless and, sooner or later, the old controlling relationships
of organic associations are re-established and the reparative activities
cease.!

In a later chapter we shall see, in discussing tumors, how a more
complete and lasting emancipation of certain cells, from the restraints
imposed by organic association, may possibly lead to most significant
and baleful consequences in the formation of malignant tumors (see
p- 350).

Finally, while we have set forth somewhat at length the conceptions
of Ribbert, elaborating an original hypothesis of Weigert, there are so
many evidences, especially clear in lower forms of life, of the direct
incitement of cells to overgrowth and proliferation by various physical
and chemical agencies, under conditions in which the potencies of the
so-called tissue tension cannot properly be invoked, that the assumption
of direct external stimuli to regenerative cell activities in many cases
seems fully justified.

1 For a consideration of the bearing of this hypothesis on compensatory hypertrophy, see Ribbert,
** Lehrbuch der allg. Pathologie,” 1905, p. 315.




CHAPTER V.
INFLAMMATION.

General Considerations.

The conception of inflammation was originally a clinical one in which
the process was marked by special symptoms—redness, heat, swelling,
pain, and impaired function. This conception was gradually enlarged
to embrace the new formation of tissue which might be associated with
or follow these symptoms, or which might be independent of them.
After the knowledge of the importance of the cell became general it
was upon the formation and accumulation of cells and other substances
that attention was especially fixed. Finally, the processes and structural
alterations embraced in the conception of inflammation became so
varied and complex that a definition or even a characterization seemed
not only difficult, but wellnigh impossible.

It is only within the past decade or two that the processes and lesions
involved in inflammation have been seriously considered in the light of
comparative pathology and as biological problems divorced for purposes
of research from the dominance of traditional clinical conceptions. In
view of our increased knowledge of the structure of cells and of the im-
pulses immediate and hereditary which determine their performances, it
seems possible now to resolve the complex processes and lesions embraced
in the general notion of inflammation into more simple factors, and to
arrive, if not at an exact definition, at least at a reasonable conception
of the relationship of its phenomena to each other, to those of normal
physiology, and to other phases of disease.

With this end in view it seems wise at first to rehearse as simply and
briefly as is practicable some of the more typical of the phenomena and
lesions which are commonly grouped under the term inflammation.

While the death of tissue from trauma, and degenerative alterations
in the tissues in the presence of various forms of poisons are often impor-
tant factors in the inflammatory processes, we shall not consider them
separately here, because they are incidental rather than inherent and
have already been treated in the section on Degenerations and Necrosis.
But it should be noted that various phases of albuminous degeneration,
local or general, which are induced by the poisons of the pathogenic
bacteria, are very often associated with inflammation, and not infre-
quently modify, or may even determine, its occurrence.

A comprehensive survey of the conditions under which inflammation
most frequently takes place shows at once that it is almost always asso-
ciated with some form of injury. This may be direct trauma, or exces-
sive heat or cold. It may be poisons of various kinds—from the cruder
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be fostered under certain conditions by the absorption of injurious sub-
stances which are carried to the nearest blood-vessels by the lymphatics.
Thus it is that in injuries to the cornea, a non-vascular part, the lesion
is often complicated by the secondary participation of the adjacent
blood-vessels.

Injury to Vascular Tissue.—Let us now look at the effect on a vascular
tissue of an injury not immediately destructive. For this purpose the
mesentery of the bladder of a curarized frog, drawn out upon a suitable
plate ! upon the stage of the microscope and kept moist by irrigation with
three-fourths-per-cent. salt solution, affords a succession of most instruc-
tive pictures. The mechanical disturbance of the organs exposed,
desiccation, and a variety of other physical and chemical vicissitudes to
which they are subjected, are sufficiently damaging to incite a complex
train of responses on the part of the living tissues.

In studying the circulation of the blood in small vessels under the
microscope it should be remembered that, while the walls of these vessels
are made up of living tissuc and are capable of responses by movement
or by structural change to external agencies, whether applied directly or
through the nerves, they are also elastic pipes through which fluid flosw,
and that both pipes and fluid are subject to the laws of mechanics.
These mechanical laws are often modified in expression, it is true, by
the subtle energies which living tissues wicld, but, as Thoma more than
any other has shown, they are not to be ignored. by the serious student
of the living body, either in health or disease.

In the bladder or mesentery of the frog the arteries and veins with
their connecting system of capillaries are clearly seen. When the cur-
rent is rapid the cells of the blood in the arteries and veins are gathered
into a red axial mass in which the separate cells may not be distinguish-
able, owing to their crowding and the rapid flow. Outside of this, against
the walls, is a clear marginal zone in which a leucocyte is occasionally
visible. If for any reason the rate of flow be considerably diminished,
the leucocytes, which are specifically lighter than the red cells, gather in
the marginal zone. If the current become very slow or be arrested, the
marginal zone disappears and the red and white cells intermingle.?

Soon after the exposure of the bladder or mesentery the tissues be-
come hyperzmic. The arteries, veins, and capillaries dilate, and the
blood, encountering less resistance from the walls, flows more rapidly
through them. This increased rapidity of the blood current does not,
however, last long, although the vessel still remains dilated. After a
variable period, owing, it is believed, to changes in the endothelia of
the vessels, the blood meets with so much resistance that it flows more
slowly than under normal conditions. Temporary or even permanent
stasis may occur in some of the vessels, but this is not a constant nor a
characteristic occurrence. White blood cells—leucocytes—now begin
to accumulate along the inner walls of the veins and to become fixed

1 See description of Thoma's frog-plate, p. 111. '

2 This distribution of the blood is almost, if not wholly, mechanical, and may be simulated in glass
tubes with a fluid in which lifeless particles of different specific gravities are suspended. The particles
of the lesser specific gravity assume, when the flow is established, the peripheral portion of the stream.
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gradually penetrate the clot, forming new connective tissue, which
replaces step by step the fibrin and blood which are gradually softened
by autolysis and absorbed or removed by phagocytes.

The part which the thrombus plays in its so-called organization is
thus a wholly passive one. It acts only as a temporary supporting
texture for the development of the new tissue derived from other sources
which step by step replaces it.

In the processes of repair by the formation of new tissues, the latter
are often developed in excess, the overproduction after a time ceasing,
when the normal condition is restored. Thus, if the epithelium be
scraped from a small area on the front of the cornea the new epithelium
which covers the injury is often heaped up in excess (see Fig. 64).

Hyperplasia and Interstitial Inflammation.

Hyperplasia of the fibrous interstitial tissue of the internal organs
and other parts of the body—as, for example, in the liver, kidney, heart,
nervous system, etc.—is of frequent occurrence and is usually associated
with changes in the parenchyma. In some cases the formation of fibrous
tissue clearly follows evident and often acute inflammatory processes
and bears the same relation to antecedent reaction to injury that the
cicatrix in a healing wound does to the granulation tissue from which it is
formed. In other cases it is associated with long-continued hyperemia—
chronic congestion—of the organ involved. Again, gradual hyperplasia
of the interstitial tissue takes place by the slow increase of cells and
stroma, without evidence of an active cell proliferation or marked involve-
ment of the blood-vessels. Finally, hyperplasia of the interstitial
tissue may be and probably usually is secondary to damage to or atrophy
of the parenchyma, as in the spinal cord after degeneration in nerve
tracts or in the heart after damage to the muscle fibres; in the liver and
kidney in connection with atrophy of the specific epithelial cells. In
such cases it is often spoken of as replacement hyperplasia. These forms
of fibrous-tissue hyperplasia will be considered with more detail in the
sections dealing with the special lesions of the viscera. They have all
been usually regarded as marks of inflammation. Some of them unques-
tionably are so; concerning others, doubt will continue until our knowl-
edge as to their excitants considerably increases. In the mean time
the term fibrosis is sometimes applied to the results of fibrous-tissue
hyperplasia, though this is still most commonly included among the
inflammatory processes.!

Those important phases of inflammation which are due to damage
from special forms of micro-organisms will be considered in detail in the
chapter of this book devoted to the Infectious Discases.

1 For a suggestive and interesting consideration of the relationship between inflammation and
various forms of ‘‘ fibrosis'’ see Adami, Middleton Goldsmith Lectures, Medical Record, March 14th and
21st and April 4th and 11th, 1896.
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Special Phases of Inflammation.

The several phases of the inflammatory process, which we have now
considered, are fairly typical of the reaction of the living body to various
forms and degrees of injury. If we look at them together and seek to
gather their dominant features, we find that the changes, varied as they
are in character as well as in degree, are mostly of three kinds: first,
those involving a greater or less amount of degeneration or necrosis; sec-
ond, those involving local disturbances of the circulation, as well as
alterations in the distribution and character of the fluid and cellular
elements of the blood—erudative changes; and third, regenerative, produc-
tive, or reparative changes.

, Of these three groups of alterations in inflammation those involving

the blood-vessels and their contents are, in a clinical sense, most striking
and characteristic, and to many seem to dominate the inflammatory
processes. But in fact all are closely associated. The various phases of
inflammation depend upon the nature and extent of the injury, the
inherent reactive vigor of the cells, and the character and position of
the tissue involved.

Special names have been attached to various forms of the inflamma-
tory process, descriptive of the feature which from the particular stand-
point of the observer seems most striking or important. Some of the
names are descriptive of clinical symptoms, some express the duration
or character or situation of the lesion, some seck to imply more or less
well-founded views of the nature of the process. Thus among the forms
of exudative inflammation, those in which the extravasated serous fluid
is the most marked feature are often named serous inflammations. If
fibrin predominate, it is called fibrinous; if associated with much blood
extravasation, it is termed hamorrhagic. 'When the agencies are present
which induce the necessary vascular changes and promote the emigration
and gathering, and often the destruction, of leucocytes in considerable
or large numbers, we have a suppurative or purulent inflammation. If
much tissue death be associated with the process, it is named necrotic
inflammation.

Again, if certain mucous membranes or mucous glands be subjected
to the inciting agencies, they may respond by an overproduction of
mucus as well as by an increase of death of cells; this is mucous or catar-
rhal inflammation. In inflammation of the mucous membranes fibrin
intermingled with other exudate sometimes forms more or less well-
defined and often tough pellicles or membranes upon the surface. This
is called pseudo-membranous inflammation. Finally, these various
forms of exudate may be produced simultaneously, whence arise such
compound designations as sero-purulent, muco-purulent, etc., inflamma-
tion. Inflammation with the formation of new tissue is called pro-
ductive or reparative.

Local inflammation, especially when incited by micro-organisms, is
often associated with systemic infection due to a distribution of the

7
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and importance. One of these we must now consider, namely, the
presence in the body of foreign substances and of dead portions of the
body itsclf. Here again, as in so many instances, we shall come upon
physiological proccsses spurred to unusual activity by emergency
demands upon them.

The Forms and Origin of Foreign and Dead Substances.—Under the
conditions of normal life, as the tissues grow and perform their functions,
worn-out cells die; as bone grows it is absorbed little by little to make
room for the remodeling and growth of the larger structure; more or
less constantly, floating matter in the air we breathe gathers in the respi-
ratory organs. Under all of these conditions the dead cells, the hard bone,
the foreign particles, are disposed of by certain lowly organized cells,
leucocytes, lymphocytes, connective-tissue cells, endothelium and
mesothelium, which are called phagocytes.

On the other hand, there arc many conditions under which foreign
material abnormal in quantity and character is formed in or enters the
body and must be disposed of. Thus organic pigments in the form of
irregular particles or crystals are formed in the body, such as blood and
bile pigment. Many foreign substances in finely divided form in large
quantities enter from without, especially in the respired air, such as coal,
iron, stone, smoke, and various kinds of organic dust. In various ways
larger bodies, slivers of wood, particles of metal, bullets, and, in injuries
or during surgical operations, fragments of clothing, ligatures, sutures,
fragments of sponge, cotton, gauze, jute, etc., may remain as foreign
substances doing more or less harm and inciting in various degrces the
phenomena of inflammation. These, too, the phagocytes dispose of.

Finally, as the result of the greatest variety of injuries which lead to
the necrosis of cells and tissues, such as mechanical damage, the action
of corrosive poisons, excessive heat or cold, disturbances of circulation,
various toxins, etc., the dead structures themselves become harmful to
the living tissues about them, which respond in various ways to their
presence, among others by certain forms of inflammation.

Let us see how the body cells and tissues comport themselves in the
presence of alien substances and dead structures.

Disposal of Foreign Substances.—One of the simplest and most com-
mon of the phenomena of this class is seen in the disposal of pigment and
other solid particles, whether introduced from without or formed within
the body under various abnormal conditions.' In breathing dusty air,
whether of badly cleaned dwellings, places of business or assemblage, or
by those engaged in occupations involving the loading of the air with
the dust of coal, smoke, iron, stone, tobacco, lint, hair, etc., in the aggre-
gate large numbers of the dust particles enter the respiratory passages.
Here sooner or later they are taken up by cells—phagocytes—and if
the particles are colored they may be seen lying within the cytoplasm
" surrounding, but not within, the nucleus (Fig. 65). These cells may
be the epithelium of the respiratory passages or of the air chambers of

1 For a study of the removal of alien substances from the peritoneal cavity see Buzton and Torrey
Jour. Med. Res., vol. xv., p. 5, 1906.
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On the other hand, the polymorphonuclear leucocytes—microphages
—are drawn to and ingest and destroy various kinds of micro-organisms,
especially the bacteria.t

While we have thus far considered certain special cells, leucoeytes,
lymphocytes, and derivations of conncctive-tissue and endothelial cells,
as the most common phagocytic cells in inflammation and repair of
tissues, we should not lose sight of the fact that other types of cells are
also capable of assuming this r6le. Thus the epithelium of the mucous
membranes of the air vesicles of the lungs, of the liver, kidney, and other
organs, frequently and under the most varied conditions ingest particles
of foreign material. :

The Mode of Action of Phagocytes.—As to the processes by which the
phagocytic cells convert into soluble and other forms the substances
which they ingest there is still some difference of opinion, though the
so-called intracellular digestion and the autodigestion of tissues have
been the subject of much painstaking research.

Recent studies by Opie? indicate that each of the two types of
phagocytes above designated is characterized by a distinet proteolytic
enzyme through which its destruction of organic substances is effected.
The enzyme of the polymorphonuclear leucocytes is capable of proteo-
lytic digestion in the presence of a ncutral or alkaline reaction, but not
in an acid medium. This enzyme Opie calls leuco-protease. The larger
mononuclear cells, on the other hand, the “macrophages” or ‘“macro-
cytes,” which appear to be especially concerned with the ingestion and
destruction of cellular and other formed elements, contain an enzyme
active in the presence of a weak acid, but inactive in an alkaline, medium.
This enzyme is called lympho-protease by Opie.

Blood serum, according to Opie, inhibits the action of leuco-protease,
and lympho-protease is not active in an alkaline medium. Hence, the
living tissues of the body are not digested by the leuco-protease, which is
active only within the bodies of the microcytes, where it is free from the
inhibiting action of the serum, while the alkalinity of the blood plasma
protects the tissues from the action of the lympho-protease. It is
apparently the action of these proteolytic ferments, present in consider-
able quantities either within or without the cells or both, in foci of exu-
dative inflammation, which leads to the softening of tissue which char-
acterizes abscesses and which, in part at least, brings about the more
gradual solution of necrotic tissues, fibrin, ete.®

The action of micro-organisms, especially the bacteria, as incitants
of inflammation through the injury which they cause, and the ways in
which the body reacts to and disposes of them, through the action of
phagocytes or otherwise, will be considered later under the heading of
Infectious Discases.*

1 For a consideration of the ways in which bacterin are destroyed by leucocytes, see pp. 161 and
178. See also ref. to Burton and Torrey, foot-note, p. 99.

2 Opte, Jour. Exper. Medicine, vol. viii.,, 1906, pp. 410 and 536.

3 See ref. Wells, p. 103; also ref. to Levene, ‘* Autolysis,”” p. 107.

4 For a consideration of Ehrlich’s hypothesis as to the way in which bacteria are destroyed in the
body see p. 176.
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but also in the protection of the body against invading micro-organisms
through their destruction—see immunity and bacteriolysis, pages 160
and 173 or by their share in the elaboration of substances which an-
tagonize the action of their toxins—see antitoxins, page 163.!

Survey of the Inflammatory Process and its Significance.

Inflammation a Modification of Physiological Processes. — If now,
from the vantage-ground which we have won by our study of various
typical phases of inflammation, we seek to gain an insight into the
forces which dominate the varied processes, we note at once that from
first to last the cell and tissue performances in inflammation, however
exaggerated or perverted, are only the expression of physiological
capacities which belong to the structures involved. Thus the contrac-
tions and dilatations of the vessels are paralleled in health. The exuding
of fluids through their walls occurs by processes akin to those by which
blood pressure, osmosis, and selective filtration in endothelial cells main-
tain the initial circulation into and through the tissue spaces. Emigra-
tion is a physiological process which we find excessive here, because there
are structural alterations in the walls of the vessels which permit a freer
exit of the cells, and because there are also present new and active
chemical agents which, just as in normal conditions though in exagger-
ated fashion, excite and control the movement and direction of the leuco-
cytes. The healing processes, complex as they seem to be, are actually
but a rehearsal under the unusual and often difficult conditions of cell and
tissue formation, which is characteristic of the normal period of develop-
ment. Phagocytosis is a factor of the greatest importance in the normal
as well as in these abnormal performances of the body cells.

The degencrative phenomena, among which must be reckoned the
formation of fibrin, are, as we have seen, incidental rather than primary
factors in inflammation.

Thus in all the manifold manifestations of abnormal cell performance
in inflammation we find no new functions, no new ccll capacitics.

The Significance of Inflammation.—We are now brought face to face
with the final question: What does inflammation mecan?

In those phases which involve the repair of wounds and the regener-
ation of lost tissues it is not difficult to recognize conservative and bene-
ficial processes. But how is it with those phases of inflammation in
which the blood-vessels are largely involved and exudates formed—
serum, fibrin, and pus? Are we to be contented here with a simple
summary of the phenomena and with the recognition that these are the
results of exaggerated or physiological cell and tissue performances in
the face of injury? Or, on the other hand, is there reason for the belief
that these abnormal manifestations of cell life in the presence of an
unusual and deleterious environment may, after all, be in the main con-

1 For an interesting résumé of autolysis with bibl. see Levene, Jour. Amer. Med. Assn., vol. xlvi,
Pp- 774 and 866,1908. For a fuller consideration of the subjects dealt with in this chapter consult the
general pathology, ‘‘Les Processus Généraux' of Chantemesse and Podwyssotsky, 1901, or Wells,
** Chemical Pathology,’" 1907.
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servative in their nature, and, even as normal cell functions do, tend—
within the limitations of an emergency—to the welfare of the individual?

The Role of the Exudates.—In the hope of gaining some light upon this
question let us look a little more closely at the part which the exudates
play in exudative inflammation; and first at the leucocytes.

The Leucocytes.—It was through the painstaking and brilliant studies
of Metchnikoff ! that attention was directed to the importance in this
connection of comparative studies upon the comportment of lower forms
of life in response to injury.

It was found that ameeba, one of the simplest of organisms, when cut
in two may undergo complete restitution of the part containing the
nucleus, provided the latter be uninjured. The remaining portion may
live for a time, but ultimately dies. Furthermore, it was found that
amceba and other lowly forms of living beings are capable, by the use of
their simple digestive processes, of destroying micro-organisms which are
taken into their interior and which might otherwise damage or kill them.
Thus it was established that the digestive mechanism may become pro-
tective in lowly organized cells.

Rising in the scale of living beings, it is found that in forms in which
considerable differentiation of some of the cells has taken place, whether
there be a distinet circulatory apparatus or not, certain other cells are
left in a more primitive state: these are phagocytic and can ingest or
otherwise destroy deleterious material.

When we come to man and other warm-blooded animals, it is upon
the leucocytes which have retained so many of the capacities of undiffer-
entiated protoplasm that attention is especially concentrated. It has
been found, as we have already seen, that the movement of leucocytes
may be directed toward (sometimes from) chemical substances set free
in their vicinity. This chemotaxis is frequently manifested in the
vicinity of dead cells or tissues which are the seat of destructive metab-
olism. But it is especially in relation to micro-organisms of various
forms that chemotaxis in the leucocytes is of the highest significance to
us here.

Highly virulent micro-organisms may for a time repel the leucocytes,
probably through negative chemotaxis, but these may later approach.
On the other hand, leucocytes most often migrate toward bacteria
which have gained entrance to the body. It has been proven that
leucocytes, especially the polynuclear neutrophiles, and frequently large
mononuclecar forms, may take into their interior and destroy living
bacteria. Dead bacteria also, as well as other inert material, they can
engulf and destroy.

The Body Fluids.—This capacity of leucocytes and other mesodermal
cells—endothelia, ete.—to take up living bacteria and kill and digest
them was persistently and ably urged by Metchnikoff and his pupils as
the chief protcctive agency in the body against bacterial incursions, and
to these observers all the other phenomena of inflammation formerly
seemed of secondary importance. But it was soon shown that this ex-

1 Metchnikoff, ** Comparative Pathology of Inflammation,” Eng. trans., 1893.
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treme view is not correct. For it was demonstrated by many observers
that the body fluids, especially blood serum, are capable of killing
bacteria with which they come in contact. When, however, this remark-
able quality of the body fluids was investigated, it was found that it is
most pronounced under conditions which involve the breaking-down of
leucocytes or the liberation of the destructive substances into the fluids.
It was possible now to demonstrate that the leucocytes do, in fact, contain
a germicidal proteid substance or substances. These substances, which
appear to be closcly associated with or related to nucleinic acid, have
been called “alexines’’ or ‘protective proteids.”* It has been further
demonstrated that while the eosinophile cells may move toward bacteria,
they arc not phagocytic, but may set free granules which appear to favor
the destruction of the germs.

It thus appears that the earlier view of the almost exclusive impor-
tance of phagocytosis is not sustained, but that even more than in the
action of living phagocytes the protective agencies are to be sought in
the body fluids. But it is also clear that the protective capacities of the
body fluids are the result of cell activities, as indced might have been
inferred in advance of the long line of careful experiments which finally
led to the demonstration.

The importance of this protective power of the body cells and body
fluids is not exhausted with their germicidal action. For not less sig-
nificant is the réle which these may assume in the establishment of other
phases of immunity to the incursion of micro-organisms. This will be con-
sidered later in the general survey of the infectious maladies (page 160).

If now one seck for ways in which the other exudates, scrum, and
fibrin may be useful to the individual, it is obvious that in the dilution
of locally engendered poisons and in their removal from a vulnerable
region the fluild may at times be beneficial. Fibrin, too, by closing
inflammatory foci, through temporary adhesions, or by the sealing of
absorbent surfaces, may limit the extension of injurious agents, as is so
frequently the case in local infectious injuries in the peritoneal and
pleural cavities. That the regeneration and repair of tissue which may
be associated with or follow the more active phases of inflammation are,
as a rule, beneficent, is not doubtful.

There is, of course, another side to the matter. For new cicatricial
tissues which have formed in the process of repair may be so situated as
to cause serious impairment of functional performance or even fatal
strictures. The gathering of leucocytes, too, may be so excessive and
their proliferation so extreme as to lead to delayed healing or to scrious
exhaustion from suppuration. But notwithstanding these irregularities
and failures there seems to be good reason for the belief that, on the whole,
the processes involved in inflammation are conservative, and, within the
limitations which may be set by the varied and changing conditions of
injury, tend to maintain the welfare and sustain the life of the individual.

1 For further consideration of this subject see p. 160.
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CHARACTERIZATION OF THE INFLAMMATORY PROCESS.

The general conception of inflammation which we have just set forth
looks beyond the gross manifestations of disordered function and altered
structure, by which it was originally marked, and beyond the complex
and varied expressions of aberrant cell activities, with which our later
science has mostly dealt, to the fundamental qualities of living substance.
And thus at last, with the heart of the subject in view, a characterization
of inflammation becomes possible which is suggestive and useful, though
it may not indeed be final. Perhaps among many such characterizations,
that of Adami! is on the whole the most clear and precise, and with him
we may at present wisely consider inflammation as “the local attempt at
the repair of injury.” The fundamental conception upon which this
characterization is based is that inflammation is an emergency measure
incited by injury, in which the body adapts to unusual ends as best it can
mechanisms and powers normally maintained for other purposes.

This view of inflammation, however much it may be modified as our
knowledge grows, recognizes a far-reaching significance in the complex
processes involved. And while throwing light upon the practical prob-
lems of the physician, it points the way to a broader conception of other
abnormal conditions in which also the adaptation of physiological cell
capacitics to new conditions seems to furnish a clew to many manifesta-
tions of disease as yet but little understood.?

Now that we have gained a conception of the inflammatory processes
in general and some suggestions as to their significance, it does not seem
necessary to enter here upon a detailed description of the variations
which they present, since these are largely influenced by the character
of the inciting agents and by the situation in which they act. Such
details as may fall within the scope of this work are given in the section
dealing with micro-organisms as inciting factors in disease, and in the
part dealing with the lesions of special organs.®

The Experimental Study of Resorption of Foreign Material, Phagocytes, etc., in
tion.

Aside from clinical material illustrating the healing of wounds and various phases
of repair from the lower animals, by very simple operations, to be done with local or
general anesthesia, one may obtain many valuable series of demonstrative lesions.

1 For a fuller consideration of inflammation from the point of view which in general is here adopted,
one may consult the excellent article on ** Inflammation’’ by Adami in Allbutt's ** System of Medicine,”’
vol. i., p. 54.

In Thoma's work on ‘‘General Pathology,” vol. i., is a clear exposition of the various processes
concerned in inflammation, with a fuller recognition than is commonly accorded to them of the mechani-
cal factors involved. In both of these works the more important bibliography may be found.

For bibliography and critical résumé of studies on pathological organization, inflammation, ete.,
see Borst, Lubarsch and Ostertag’s Ergebnisse, Jahrg. iv., for 1897, p. 461. See also references under
Regeneration, page 79, and under Tumors, page 351.

2 Consult, for a clear and comprehensive view of adaptanon in pathological processes, Welch,
Transactions of the Congress of American Physicians, vol. iv., p. 284, 1897.

3 For a systematic and extensive résumé of mﬂammntory phenomena, phagocytosis, chemotaxu,
emigration, diapedesis, protoplasmie poisons and irritants, the nature of exudates, and the general
physical cheml.stry of the cell, with extensive bibl., see Heinz, ‘ Handbuch d. exp. Pnth u.Pharmakol.,”
1904, Bd.
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PHacocyTEs.—The injection of 1 per cent. agar—such as is used for bacterial
cultures, which fluidifies at about 40° C. and becomes semisolid on cooling—into the
anterior chamber of the eye or into the subcutaneous tissue of the rabbit gives most
instructive pictures of absorption and phagocytosis. Phagocytes of connective-tissue
origin bring about the solution of the mass and permeate it. If the agar be colored with
Berlin blue in the form used for blood-vessel-injection masses, the phagocytes may
become more or less filled with the blue granules as absorption proceeds. In the
absorption from the anterior chamber in dark-colored rabbits the origin of the
phagocytes in the iris is revealed by their pigmented character. Giant cells are often
formed in this process, aiding in the resorption.

The action of phagocytes in disposing of foreign material in the lungs may be
seen by making intratracheal injections of a watery emulsion of lampblack or finely
powdered charcoal in rabbits. The pigment particles will be found both free and
within epithelial phagocytes in the air vesicles within a few days. The animal should
be sacrificed and the lungs filled with formalin solution or alcohol through the
trachea (see p. 1010), after which the tissue is embedded and sectioned.

Very instructive studies may be made of the disposal of insoluble foreign bodies
by the implanting of small fragments of cotton, jute, elder pith, etc., beneath the skin,
and their removal after varying intervals.!

Practical Study of Exudative Inflammation on the Living Frog.

In the study of exudative inflammation it is of the highest value to see the phe-
nomena of emigration, diapedesis, etc., on the living animal. The curarized frog is
best adapted for this purpose,? and either the mesentery or the bladder affords much
clearer pictures than the tongue or the web, which are sometimes recommended.

THE MESENTERY.—In a fully curarized frog an incision is made through the skin
along the abdomen in the axillary line, care being taken to avoid or ligate a large vein
which usuially crosses the line of incision. The abdominal wall is then cut through in
the same line, and a loop of small intestine drawn out, care being taken to bring out
only as much as may be necessary to expose over the glass window of Thoma’s frog
plate® (see Fig. 72) a small area of mesentery. The loop may be fixed by short pins
passed through the superficial layers of the intestine into strips of cork which are
crowded in beside the raised glass window. The exposed loop should be irrigated with
three-fourths-per-cent salt solution which may be made to trickle over the part from a
reservoir through a glass cannula held by the cannula-holder (see Fig. 72). Peristal-
tic movements of the intestine sometimes cause the field of observation to shift and
stasis may occur if the loop be drawn too tightly. But through a little attention to
adjustment from time to time difficulties may be reduced to a minimum. For long
observations a cover-glass may be laid upon the loop under which the irrigation
proceeds. )

In this way observations may be made on arteries, capillaries, and veins, extending
over several hours. Long focal distance, high-power lenses may be used.

TaE BLApDER.—The bladder of the frog is a bilobed organ opening into a cloaca
just within the anus and common to it and the intestine. To expose the bladder an
incision is made in the axillary line along the lower half of the abdomen, including the
skin and the abdominal wall. The bladder frequently prolapses at once to a moderate
extent through thisopening. Now a glass cannula is made with a tapering tip with the

1For a full exposition of methods of experimental pathology relating to inflammation see Heinz,
‘‘Handbuch d. exp. Path. u. Pharmak.,” Bd. i., Th. i., p. 255, 1904.

For many suggestive studies in phagocy tosis see Metchnikof’s ‘‘ Immunity in Infectious Diseases.”
Consult, for the technique of studies on absorption from the peritoneum, Buzxton and Torrey, Jour.
Med. Res., vol. xv., p. 5, 1906.

2 For the use of curare see p. 34.

2 Thoma's frog plates are of three forms, adapted for the study of the tongue, the mesentery, and
the bladder or lung. They are plates of brass covered with hard rubber in which glass windows are
set 8o that when put on the stage of the micrc pe the light p up through the exposed organ to
the eye. They are provided with cannula-holders for irrigation with physiological salt solution and
with pipes for carrying away the waste irrigation fluid. The three forms of plate are shown in Fig. 72
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tip for about half an inch bent to an angle of about 45° to the axis of the tube. The
tube should be large enough to pass the anal orifice with difficulty except at the tip
and along the bent portion.

A thread is now passed through the skin just behind the anus, the ends being
left free. The cannula and a short length of flexible rubber tubing slipped over the
larger end are filled with three-quarter-per-cent. salt solution, this being retained by
a clip on the tube. The bent point of the cannula is now inserted into the cloaca and
its tip carried forward into the base of the bladder and fastened in place by the thread.
The frog is laid on its back on the Thoma plate adapted to the bladder and lung (Fig.
72). Therubber tube is attached to a slightly raised flask so that the salt will siphon
into the bladder under a very low pressure. Now if the clip be released the bladder
will appear in the opening of the abdomen and will be pressed out as a transparent bag
by the salt solution over the glass window in the plate. Great care should be taken
to avoid more distention of the bladder than is necessary to keep it spread over the
glass, since the circulation is very easily disturbed or interrupted. A cover-glass may
be laid upon the bladder or held in place over and touching it by an upright attached
to the plate for this purpose, and irrigation with salt solution started and maintained.

If the circulation is compromised one should see that the base of the extruded
portion of bladder is not pressed upon by the abdominal walls; that it is not overfilled
and is not pressed too much by the cover. By attending to those points in a frog not
over-curarized one may maintain the circulation for hours. Since the wall of the blad-
der is very thin, consisting of little else than the almost invisible epithelial lining, a
membranous connective-tissue wall reinforced here and there by slender bundles of
smooth muscle cells, and the blood-vessels, one secures in this organ pictures of the
blood-vessels of incomparable clearness and may study the minutest phases of the
circulation and its disturbances, emigration, etc. The contraction of the muscle
bundles brings about occasional shifting of the field, but this is not usually a serious
drawback to continuous observation even with high-power lenses.

On the whole, though slightly more difficult to prepare, the bladder is to be pre-
ferred to the mesentry for studies on the minute phenomena of emigration, diapede-
sis, hemorrhage, etc., and it is admirably suited to the study of the local effect of drugs,
such as adrenalin, on the circulation.

In neither the mesentery nor the bladder is it necessary to injure the organ further
than is inevitable in the preliminary operation and exposure, in order to incite the
inflammatory phenomena in the vessels. In both organs the course of the emigrated
leucocytes may be followed through the interstices of the tissues after they have left
the vessels. It is most instructive after the observations on the living animal are
completed to pith or decapitate the frog, fill the bladder with a fixative such as Orth’s
fluid, in which the organ after ligating is placed, and finally to scrape off the epithe-
lium, stain with hematoxylin and eos